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3R?DV WHFKQRORJLFN?KR SURFHVX Y?URE\ SLYD D VODGX Y]QLNDM? SUFKDY? V?UQH O?WN\ NWRU?
P??XVS?VRERYDĢ U?]QHSDFKXWHD Y?QH Ich prekurzory V? V?UQe aminokyseliny. 6?UQH O?WN\
hUDM? G?OH?LW? ?ORKX SUL Y?UREH SLYD SUHWR?H DM YR YHĐPL Q?]N\FK NRQFHQWU?FL?FK P??X
QHJDW?YQH YSO?YDĢ QD FHONRY? FKDUDNWHU SLYD Je teda SRWUHEQ? SUFKDY? V?UQH O?WN\ D ich 
SUHNXU]RU\VOHGRYDĢDE\VD]DPHG]LORQH?LDGucim procesom. Keć?HVDSUFKDY?V?UQH O?WN\ 
Y\VN\WXM?FH VD v pive a VXURYLQ?FK QDFK?G]DM? v VWRSRY?FK PQR?VWY?FK Y\X??YDM? VD QD 






Volatile sulphur substances originating during technological processes in malt and beer 
production can be a cause of various off-flavors and aromas. Their precursors are sulphur-
containing amino acids. Sulphur substances play an important role in brewing as even in very 
low concentrations they can negatively affect total character of beer. Therefore, it is necessary 
to monitor volatile sulphur substances and their precursors to eliminate undesirable processes. 
Because sulphur substances occur in beer and raw materials at trace levels, microanalytical 
methods are used for their detection. This diploma thesis describes the problems of sulphur 










































































0,?29,(=2SWLPDOL]?FLD630(SULVWDQRYHQ?SUFKDY?FK V?UQ\FK O?WRNY slade a pive. 















3UHKODVXMHP?H VRPGLSORPRY? SU?FXY\SUDFRYDODVDPRVWDWQHDY?HWN\SRX?LW? OLWHU?UQH 
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3LYRYDUQ?FWYRP?QD?]HP??HVNHM UHSXEOLN\G?YQX WUDG?FLX9\Y?MDORVDRG MHGQRGXFKHM
SU?SUDY\Y GRP?FQRVWLDFKFH]UHPHVHOQ?Y?UREXD Q?VOHGQHSULHP\VHOQ?Y?UREX v pivovaroch 
D?SRV??DVQ?PRGHUQ?YHĐNRY?UREX=?NODGQ?SULQF?SY?URE\VODGXD SLYD]RVWDO URYQDN?
SUL?RPVDPHQLOLOHQVWURMQ?WHFKQLFN?Y\EDYHQLDD druhy sladov a S?Y 
Pivo je GLVSHU]QRX V?VWDYRX U?]Q\FK ]O??HQ?Q NWRU?FK EROR GRWHUD] LGHQWLILNRYDQ?FK
okolo 800. +ODYQ?PL ]OR?NDPL WRKWR Q?SRMD V? VDFKDULG\ ELHONRYLQ\ KRUN? O?WN\ FKPHĐX 
SUFKDY? O?WN\ SRO\IHQRORY? ]O??HQLQ\ DONRKRO R[LG XKOL?LW? YLWDP?Q\ D PLQHU?OQH O?WN\
&KXĢSLYDMHY?VOHGNRPY?HWN?FK REVLDKQXW?FKO?WRN] NWRU?FKND?G?SULVSLHYDGRFHONRY?KR
FKXĢRY?KRFKDUDNWHUXSLYD [1].  
Jednou z QDMY?]QDPQHM??FK PHW?G KRGQRWHQLD NYDOLW\ SLYD MH GHJXVW?FLD SLYD -HGQ? VD
o SRV?GHQLH FKXW? D Y?QL ĐXGVN?PL ]P\VODPL 'HJXVW?WRU ]KRGQRW? ?L SLYR Y\KRYXMe 
SR?LDGDYN?P]?ND]Q?ND3LYR VDY?DNQHGHJXVWXMH DNRNRQH?Q?SURGXNW Y?URE\ DOH WLH? VD
KRGQRWLD YVWXSQ? VXURYLQ\ D PHG]LSURGXNW\ FHOHM Y?URE\ ??P VD SUHGFK?G]D GRGDQLX
QHNYDOLWQ?KRY?URENXQDWUK1HNYDOLWQ?PSLYRPVDUR]XPLHSLYRV QH?LDGuFLPLSU?FKXĢami. 
0??H WR PDĢ DM ]D Q?VOHGRN QHV?ODG PHG]L MHGQRWOLY?PL FKXĢRY?PL ]OR?NDPL QDSU?NODG
Y\QLN?FKXĢFKPHĐRYRKRUN?R[LGXKOL?LW?GH[WU?QRY?SU?FKXĢ =DNYDOLWQ?SLYRVDSRYD?XMH
WDN?NWRU?P??LVW? FKXĢ W\SLFN?Y?ĖX FKOHEQDW?NWRU?P?KXVW? D primeraQH WUYDO?SHQX
a RGSRYHG?GDQ?PXW\SXD miestnym zvyklostiam.  
.RQ]XPHQWL E?YDM? YHĐPL FLWOLY? QD ND?G? ]PHQX NWRU? Y XU?LWHM GREH Y pive nastane, 
KODYQHQD]PHQXFKXWLIDUEXSHQLYRVĢDOHaj ]PHQXWHSORW\SULNWRUHMV?]Y\NQXW?SLYRSLĢ
3UHWRMHG?OH?LW?VOHGRYDĢNYDOLWXSLYD [2]. 
6?UQH ]O??HQLQ\ Y PQRK?FK XND]RYDWHĐRFK WLH? RYSO\YĖXM? VHQ]RULFN? YODVWQRVWL SLYD
3UHWR?H V? ]DVW?SHQ? YR YHĐPL PDO?FK NRQFHQWU?FL?FK LFK PQR?VWYR Y SLYH VD G? YHĐPL























2.1 0HWDEROL]PXV Y]QLNX DURPDWLFN?FK V?UQ\FK O?WRN Y priebehu sladovania 
a Y?Uoby piva 
2.1.1 9?HREHFQ? charakteristika V?UQ\FKO?WRN 
6?UQH ]O??HQLQ\ V?G?OH?LWRX VNXSLQRXYRQQ?FKD FKXĢRY?FK O?WRNSRWUDY?QNWRU?XU?XM?
a Y?]QDPQHRYSO\YĖXM??LDGXFXDU?PXFHOHMUDG\SRWUDY?Q0??XE\ĢWLH?QRVLWHĐRPU?]Q\FK
QH?LDGXFLFK SU?SDFKRY D SU?FKXW? ?DVWR E?YDM? SULP?UQ\PL YRQQ?PL O?WNDPL SRWUDY?Q
rasWOLQQ?KR S?YRGX 6?UQH ]O??HQLQ\ Y]QLNDM? ] SU?VOX?Q?FK SUHNXU]RURY HQ]?PRY?PL
UHDNFLDPL 9???LH PQR?VWYR VHQ]RULFN\ DNW?YQ\FK V?UQ\FK O?WRN Y]QLN? D? SUL WHSHOQRP
VSUDFRYDQ? SRWUDY?Q UDVWOLQQ?KR DOHER ?LYR???QHKR S?YRGX QHHQ]?PRY?PL UHDNFLDPL
VHNXQG?UQH Y]QLNDM?FH DURPDWLFN? O?WN\ 7LH? P??X E\Ģ Y?]QDPQ?PL ]OR?NDPL DU?P\
N?Y\ P?VD D LQ?FK SR??YDW?Q . nDMY?]QDPQHM??P V?UQ\P ]O??HQLQ?P SDWU? R[LG VLUL?LW?
VXOI?Q WKLRO\ VXOILG\ SRO\VXOILG\ WKLRHVWHU\ WKLD]RO\ D WKLRIHQRO\ 0DM? W\SLFN? Y?ĖX       
pR GXVHQHM ]HOHQLQH VND]HQ?FK YDMFLDFK FLEXOL FHVQDNX NDUILROH NH?XSH SH?HQRPP?VH
SUD?HQHMNXNXULFLSROLHYNRYRPNRUHQ?sp?lenej gume a LQ?FK [3].  
7YRUED SUFKDY?FK V?UQ\FK O?WRN Y NYDVQ?FK SRWUDYLQ?FK MH SUHGPHWRP ]?XMPX SUHWR?H
NY?OL LFKQ?]N\Pprahom detekcie a silnej reaktivite VD WLHWR]O??HQLQ\Y?]QDPQH]DUDG]XM?
do kvality MHGLQH?QRVWLPQRK?FK SRWUDY?Q [4] 6? ]Q?PH V YHĐPL VLOQRX D charakteristickou 
Y?ĖRX D SULVSLHYDM? N SU?MHPQ?P DOHER QHSU?MHPQ?P Y?ĖDP SLYD 9Q?PDQLH Y?QL MH GRVĢ
individu?OQH D PHQ? VD Y ]?YLVORVWL QD NRQFHQWU?FL? 9 Q?]N\FK NRQFHQWU?FL?FK V? QLHNWRU?
z W?FKWR O?WRN ?LDGDQ? SUH W\SLFN? DU?PX SLYD DOH Y ]Y??HQ?FK NRQFHQWU?FL?FK P??H
GRFK?G]DĢX?N QHJDW?YQHPXRYSO\YQHQLXFHONRYHMDU?P\SLYD [5].  






varenie, kvasenie, starnutie). Preto jHYHĐPLG?OH?LW?SR]QDĢQLHOHQREVDKprekurzorov V?UQ\FK
O?WRNDOHLPQR?VWYRLFKY]QLNXY SULHEHKXWHFKQRO?JLHY?URE\SLYD [6]. 
2.1.2 0HWDEROL]PXVMHGQRWOLY?FKV?UQ\FKO?WRN SULY?UREHVODGXDSLYD 
7YRUED SUFKDY?FK V?UQ\FK ]O??HQ?Q Y\FK?G]D ]R VXURY?Q VODGX D FKPHĐX 9???LQD
VHQ]RULFN\ DNW?YQ\FK V?UQ\FK ]O??HQ?Q QHSUHFK?G]D GR SLYD SULDPR ]R VXURY?Q DOH Y]QLN?
v SULHEHKXIHUPHQWD?Q?FKSURFHVRYNHG\EXQN\NYDVLQLHNPHWDEROLFN?PLSUHPHQDPLWYRULD
z QHSUFKDY?FKV?UQ\FKO?WRNSUFKDY?1LHNWRU?O?WN\SUHFK?G]DM?GRSLYDDMSULDPR] FKPHĐX
QLHNWRU? Y]QLNDM? FKHPLFN?PL SUHPHQDPL 7YRUED W?FKWR O?WRN Y priebehu kvasenia je 
RYSO\YQHQ? PQR?VWYRP IDNWRURv DNR V? YODVWQRVWL NYDVQL?Q?KR NPHĖD QHGRVWDWRN ?LY?Q








V UDVWOLQ?FK MH V?UD REVLDKQXW? YR IRUPH UR]SXVWQ?FK V?UDQRY D MH KODYQH SRWUHEQ? SUH
EXQNRY?SURFHV\Y UHGXNRYDQHMIRUPHQDSUVXOILG\1DM?DVWHM?LHVDV?UDvyskytuje vo forme 
cyste?nu a PHWKLRQ?QX%LRFKHPLFN?UR]PDQLWRVĢV?U\XPR?ĖXMH??DVĢY U?]Q\FKEXQNRY?FK
IXQNFL?FKDNRQDSU?WUXNW?UQHSUYN\SURWH?QRYNRIDNWRU\Y NDWDEROLFN?FKFHQWU?FK 
6?UDQRY?L?Q\V? DNWLYRYDQ?SRPRFRX ATP-VXOIXU\O?]y??PY]QLN?DGHQRVLO-5-IRVIRVXOI?W 
(APS) a S\URIRVI?W 1?VOHGQH GRFK?G]D N UR]?WLHSHQLX S\URIRVI?WX S\URIRVIDW?]RX
a k VHNXQG?UQHMIRVIRU\O?FL?$36D Y]QLN?DGHQRVLQ-3-IRVIRVXOI?W3$36 APS a 3$36P??X
VO??LĢ DNR GRQRU\ DNW?YQ\FK VLUL?LWDQRY. 5HGXNFLD VLUL?LWDQRYP??H SUHELHKDĢ ] APS alebo 
3$36 YRĐQRX DOHER YLD]DQRX FHVWRX 6LUL?LWDQ\ V? UHGXNRYDQ? QD VXOILG SRPRFRX VXOILW-
UHGXNW?]\ NWRU? VSURVWUHGNRY?YD SUHQRV  HOHNWU?QRY  Sulfid vstupuje do metabolizmu 
v podobe cyste?nu a Q?VOHGQRX V\QW?]RX Y]QLNDM? ćDO?LH DPinokyseliny ako prekurzory 
V?UQ\FK]O??HQ?Q [7]. 
 













Rast kvasiniek a LFK PHWDEROL]PXV MH SRGPLHQHQ? GRVWDWNRP V?UQ\FK DPLQRN\VHO?Q
F\VWH?QPHWhLRQ?Q6-DGHQR]\OPHWLRQ?QJOXWDWhLRQ$NE\ WLHWR O?WN\YRY??LYHNYDVLQLHN
FK?EDOL EXQND VL LFK PXV? V\QWHWL]RYDĢ ] DQRUJDQLFN?FK V?UQ\FK NRPSRQHQWRY /?WN\ V?
v EXQNH SRPRFRX HQ]?PRY UHGXNRYDQ? QD VXOILG\ NWRU? V? SUHNXU]RUPL ćDO??FK V?rnych 
]O??HQ?Q '?OH?LW?P NURNRP PHWDEROLFNHM GU?K\ W?FKWR ]O??HQ?Q MH ]DEXGRYDQLH VXOILGRY    
GR?WUXNW?U\DPLQRN\VHOLQRY?FKSUHNXU]RURYO-DFHW\OVHU?QXD O-DFHW\OKRPRVHU?QX9\WYRULD
VD DPLQRN\VHOLQ\ F\VWH?Q D KRPRF\VWH?Q D tie potom transIRUPXM? QD PHWhLRQ?Q 6XOILG MH
v W?FKWR DPLQRN\VHOLQ?FK EH]SH?QH YLD]DQ? D SRGLHĐD VD QD Y]QLNX LQ?FK O?WRN QDSU
ELHONRY?Q 7HQWR NURN MH YHĐPL G?OH?LW? SUHWR?H DN E\ WLHWR SUHNXU]RU\ Y EXQNH FK?EDOL
VXOILG\ E\ VD QHPDOL QD?R QDYLD]DĢ D vo forme sLURYRG?ND by sa uvRĐQLOL GR SURVWUHGLD        
1D V\QW?]H O-DFHW\OVHU?QX D O-DFHW\OKRPRVHU?QX V? SRWUHEQ? NRHQ]?m A a jeho kofaktor 
N\VHOLQDSDQWRW?QRY? [8]. 
2.1.2.1 Oxid VLUL?LW? (SO2) 
SO2 MHEH]IDUHEQ?UHDNW?YQ\SO\QNWRU?Y]QLN?R[LG?FLRXV?U\D SULY\???FKNRQFHQWU?FL?FK
P? RVWU? ?WLSĐDY? ]?SDFK Je SULURG]HQRX ]OR?NRX VODGX v U?]Q\FK NRQFHQWU?FL?FK =?OH??    
QDWRP?LEROVODGV?UHQ? alebo ?LEROFKPHĐR?HWUHQ?R[LGRPVLUL?LW?Pkedy REVDKKRUN?FK
N\VHO?QNOHVQHDFKPHĐVWU?FDVYRMXSULURG]HQ?]HOHQ?IDUEX2[LGVLUL?LW?sa WLH?SRX??YDDNR
NRQ]HUYD?Q? SURVWULHGRN P? DQWLR[LGD?Q? D DQWLPLNUREL?OQ\ ??LQRN ??P ]DEH]SH?XMH
I\]LN?OQR-FKHPLFN? D ELRORJLFN? VWDELOLWX SLYD $QWLR[LGD?Q? ??LQRN VSR??YD Y schopnosti 
SO2 YLD]DĢPROHNXORY?N\VO?ND ]DEUDĖRYDĢWDNFKHPLFN?PD HQ]?PRY?PR[LG?FL?P [8]:  








                                 
Obr. 22[LG?FLD622 a SO32- [8] 
 
9???LQDR[LGXVLUL?LW?KRVWDQRYHQ?KRY SLYHSRFK?G]D] metabolizmu kvasiniek. 
2.1.2.2 SLURYRG?N (H2S) 
SLURYRG?N MHY?]QDPQRX O?WNRXY SLYRYDUQ?FWYH -HKRY?ĖDSULSRP?QDKQLO?Yajcia a prah 
citlivosti je 5-10 ?JO6LURYRG?N P??HSULFK?G]DĢVRVXURYLQDPLSUHSLYRWLH?VDP??HWYRULĢ
SR?DV YDUHQLD FKHPLFN?P DOHER WHUPLFN?P UR]NODGRP DPLQRN\VHO?Q DOHER Y]QLNDĢ
metabolizmom kvasiniek a WR SUHYD?QH ] cyste?nu, v PHQ?HM PLHUH ]R V?UDQRY (obr.3) 
a ]DQHGEDWHĐQH ] PHWKLRQ?QX Produkciu H26 RYSO\YĖXM? DPLQRN\VHOLQ\ ĢD?N? NRY\ S+















Obr. 3: Vznik H26]RV?UDQX [7] 
2.1.2.3 Thioly 
7KLRO\V?ćDO?RXYHĐPLG?OH?LWRXVNXSLQRXDURPDWLFN?FKO?WRNQDFK?G]DM?FLFKVDY pive. 
9]QLNDM? PHWDEROL]PRP NYDVLQLHN D LFK SUHNXU]RURP P??H E\Ģ VLURYRG?N 1DM]Q?PHM?LH
WKLRO\ V? PHWKDQWKLRO &+3SH) a ethantiol (CH3CH26+ 0HWKDQWKLRO P? ]?SDFK                 
SRVND]HQ?FKYDMFLDFKD jeKRSUDKRY?KRGQRWDMH? 6 ?JO3R?DV kvasenia sa jeho obsah 
nemen? DOH SUL VNODGRYDQ? VD ]Y\?XMH S?VREHQ?P WHSOD0HWKDQWKLRO Y]QLN? SUL WHUPLFNRP
VSUDFRYDQ? SRWUDY?Q KODYQH 6WUHFNHURYRX GHJUDG?FLRX PHWKLRQ?QX (WKDQWKLRO S?FKQH          
po cibuli alebo cesnaku a jHKRSUDKRY?KRGQRWDMH? 10 ?JO9]QLN?UHDNFLRXVLURYRG?ND 
s ethanolom alebo acetaldehydom. V SLYRYDUQ?FWYH  VD WYRU? Y SULHEHKX SUY?FK WURFK GQ?
KODYQ?KRNYDVHQLD [8].  
2.1.2.4 Sulfidy 
Dimethylsulfid (DMS) 
'LPHWK\OVXOILG MH QDM]Q?PHM?? DON\Osulfid v SLYRYDUQ?FWYH -HKR Y?ĖD MH FKDUDNWHULVWLFN? 
po varenej zelenine 0??H VD Y\WY?UDĢ ] UDVWO?Q PRUVN?FK ULDV DOH DM QLHNWRU?PL
PLNURRUJDQL]PDPL QDFK?G]DM?FLFK VD Y UDVWOLQ?FK 3ULURG]HQH MH SU?WRPQ? Y pive 
v NRQFHQWU?FL?FK NWRU? VD PHQLD SRGĐD druhu piva. PohybXM? VD Y UR]PHG]?  D?  ?g/l 
v ]?YLVORVWL QD W\SH SLYD SRX?LWHM WHFKQRO?JLH D VXURYLQ?FK KODYQH VODGH Jeho medza 
YQ?mania sa pohybuje okolo 30 ?g/l [9]. Obsah DMS v VODGH]?YLV?SUHGRY?HWN?PQDWHSORWH
dobe hvozdenia a QDPQR?VWYHY]GXFKXSUHFK?G]DM?FHKRKYR]GRP7LH?VDP??HY\VN\WRYDĢ
v FKPHOL DOH MHKR PQR?VWYR Y]KĐDGRP NX VWUDW?P SUL FKPHĐRYDUe VD G? SRYD?RYDĢ            
]D]DQHGEDWHĐQ? [6]. V V??DVQRVWLV?REMDVQHQ?GYHKODYQ?FHVW\Y\WY?UDQLXGLPHWK\OVXOILGX,   
a to vznik DMS z S methyl-PHWKLRQ?QXREU4) v NO??LDFRPMD?PHQLS?HQLFLD ovse a v druhej 
ceste enzymatickou redukciou dimethylsulfoxidu (obr.4). 2EVDKSUHNXU]RURY'06MHPR?Q?
]Q??LĢ SRX?LW?P LQKLELWRURY NO??HQLD QDSU EURPL?QDQ GUDVHOQ?1D GUXKHM VWUDQH YSO\YRP





























Obr.4: Metabolizmus dimethylsulfidu [9] 
 
Vznik DMS z S-methyl-PHWKLRQ?QX600 
600Y]QLN?SULNO??HQ?MD?PHĖD] S-DGHQRV\OPHWKLRQ?QXD z PHWKLRQ?QXV zelenom slade 
sa vyskytuje od 30 do 60 PJNJ 600 -HKRPQR?VWYR Y VODGH ]?YLV? RG RGURG\ SRX?LW?KR
MD?PHĖD D od podmienok skladovania0QR?VWYR600Y VODGH VD ]Y\?XMH Y\???PREVDKRP
GXV?ND YR Y?FKRG]RP MD?PHQL DOHER GOK??P VNODGRYDQ?P MD?PHĖD SUHG VODGRYDQ?P 
3UHNXU]RURP'06MH600NWRU?VD?WLHSLQD'06S?VREHQ?PWHSODSULKYR]GHQ?UPXWRYDQ?
a FKPHĐRYDUH 8YRĐQHQ? '06 MH SUFKDY? D XQLN? SUL FKPHĐRYDUH V vriacimi parami.            
3R YDUHQ? SRNLDĐ MHPODGLQD H?WH KRU?FD GRFK?G]D VW?OH NX GHJUDG?FL? DOH X? QHGRFK?G]D
k vyparovaniu DMS. V priebehu IHUPHQW?FLH V? NYDVLQN\ VFKRSQ? RGVWUDĖRYDĢ SMM           
QDPHWKLRQ?QDOHX?VDQHPHWDEROL]XMHQD'06 [9]. 
Vznik DMS z dimethylsulfoxidu (DMSO)  
'LPHWK\OVXOIR[LG MH REVLDKQXW? Y MD?PHQL D ]HOHQRP VODGH YR YHĐPL PDORP PQR?VWYH
SUHWR?HY]QLN?R[LG?FLRX?DVWL'062[LG?FLD'06MHY\??LDV UDVW?FRXWHSORWRXKYR]GHQLD
5R]VLDKOHM?RXR[LG?FLRX'06Y]QLN?GLPHWK\OVXOIRQ'0622). 3R?DV IHUPHQW?FLHNYDVLQN\
PDM? VFKRSQRVĢ Y\U?EDĢ '06 UHGXNFLRX '062 dimethylsulfoxidUHGXNW?]RX  Miera 
UHGXNFLH'062 SR?DV IHUPHQW?FLH ]?YLV? QD NPHQL NYDVLQLHN WHSORWH IHUPHQW?FLH QD S+   
QD ]OR?HQ? PODGLQ\ D SRX?LWRP WDQNX 9]QLN '06 MH QDMY?]QDPQHM?? X Sacharomyces 
cerevisiae a WLH?SRNLDĐIHUPHQW?FLDSUHELHKDSULQ?]NHMWHSORWHY\??HMKXVWRWHPODGLQ\ alebo 
Y\??RP S+ D SUL ]Y??HQRP WODNX  % DMS SU?WRPQ? Y ?HUVWYRP SLYH VD Y\YDU? SR?DV
IHUPHQW?FLH D Y SULHEHKX VNODGRYDQLD VD '062 VD P??H SRPDO\ UHGXNRYDĢ H?WH QD '06 
[9,10]. 
 
= W?FKWR SR]QDWNRY Y\SO?YD ?H R PQR?VWYH GLPHWK\OVXOILGX YR ILQ?OQRP Y?URENX
rozhoduje obsah prekurzorov a QLHREVDKYRĐQ?KRGLPHWK\OVXOILGX 
Ethylmethylsulfid 
(WK\OPHWK\OVXOILG MH DV\PHWULFN? VXOILG NWRU? Y]QLN? SR?DV UR]NODGX PHWKLRQDOu 
UDGLN?ORY?P PHFKDQL]PRP REU5 0??H VD WLH? Y\WY?UDĢ QXNOHRILOQRX VXEVWLW?FLRX





























Obr. 5: Metabolizmus ethylmethylsulfidu [9] 
2.1.2.5 Polysulfidy 
Z KĐDGLVND?XFKRY?FKYODVWQRVW? D LFKSUDKXYQ?PDQLDP??XSRO\VXOILG\KUDĢY?]QDPQ?
?ORKXY organoleptickej akosti piva.  
'LPHWK\OGLVXOILG '0'6S?FKQH SR YDUHQHM NDSXVWH D cibuli a MHKR SUDKRY? KRGQRWD MH 
od 3 do 7 ?JO &KDUDNWHULVWLFN? SDFK GLHWK\OGLsulfidu je po cesnaku a VS?OHQHM JXPH
Dimethyltrisulfid (DMTS) je polysulfid s QDMQL???PSUDKRPYQ?PDQLD ?JO-HKRY?ĖDVD
SRGRE?Y?QLFLEXOH'0'6D'076V?SU?WRPQ?Y ?HUVWYRPSLYHY NRQFHQWU?FL?FKQL???FK
DOHEREO?]N\FKLFKSUDKXYQ?PDQLD9HĐN? PQR?VWYR'0'6D'076MHSU?WRPQ?Y mladine 
QDNRQFLYDUHQLDSUHGFKPHĐRYDQ?P 
3R?DVVWDUQXWLDSLYDY]QLN?'076DDMGLPHWK\OWHWUDVXOILG]DWLDĐ?RNRQFHQWU?FLD'0'6










Obr. 6: S\QW?]H'0'6] methanthiolalkoholu [9] 
 
2. Vznik dialkyltrisulfidov z thiolov a H2S (obr.7). 0HFKDQL]PXV MH ]DOR?HQ?               
na reaktivite H2S v SU?WRPQRVWL GYRMPRFQHMPHGL SR  KRGLQ?FK SUL WHSORWH RNROLD
reakciou H2S a methanthioalkoholu DMDS, DEDS, DMTS, DETS, EMDS 































Obr. 7:  vznik diallkyltrisulfidov z thiolov a H2S [12] 
 
3. 0HFKDQL]PXV Y]QLNX '076 SR?DV YDUHQLD ]DKUĖXMH -HOLPLQ?FLX 6-PHWK\OF\VWH?Q
sulfoxidu, vedie k vzniku kyseliny methansulfeniovej (obr.8 7HQWR QHVWDELOQ?
PHG]LSURGXNWU?FKORUHDJXMHV H26]DY]QLNXWULVXOILGRY-HWRKODYQ?FHVWDN vzniku 
































Obr. 8: Vznik kyseliny methansulfeniovej a DMTS [13] 
 
Vznik DMTS z S-PHWK\OF\VWH?Q VXOIR[LGX MH LQKLELWRYDQ?SU?WRPQRVĢRXR[LGXVLUL?LW?KR
2[LGVLUL?LW?EROSRX?LW?SR?DVVX?HQLDFKPHĐX6NODGRYDQLHFKPHĐXQDY]GXFKXXPR?ĖXMH
RS?WRYQ?Y]QLNSUHNXU]RURY-HWRWHGDR[LGD?QR-UHGXN?Q?URYQRY?KDPHG]L6-methyOF\VWH?Q
sulfoxidom a S-PHWK\OF\VWH?QRPNWRU?SRGOLHKD -HOLPLQ?FL?]DY]QLNX'076 
4. 0HWKLRQ?Q VXOIR[LG VD P??H GHJUDGRYDĢ WLH? -HOLPLQ?FLRX SRGREQH DNR                   

























'076 VD P??H WYRULĢ ] '0'6 LQ]HUFLRX HOHPHQW?UQHM V?U\ NWRU? VD P??H QDFK?G]DĢ
v SURVWUHG?DOHE\ĢRGYRGHQ?] H26EHKRPWHSHOQHMH[SR]?FLH [9,13]. 
6LURXKO?N (CS2) 
6LURXKO?N je bezfarHEQ?QHVW?OD kYDSDOLQDNWRU?MHWDNPHUEH]]?SDFKX, ale WHFKQLFN?&62 
QHSU?MHPQH ]DS?FKD SR VND]HQ?FK YDMFLDFK 1D VYHWOH ?OWQH D MH Y\VRNR WR[LFN? Prah 
YQ?PDQLD MH  mg/l. =O??HQLQD VD SRX??YD ako priemyseln? D FKHPLFN? QHSRO?UQe 
rozp??ĢDdlo.  
2.1.2.6 Thioestery 
0HWK\OWKLRDFHW?WD HWK\OWKLRDFHW?WV?MHGLQ?WKLRHVWHU\NWRU?EROLLGHQWLILNRYDQ?Y pive. Ich 
NRQFHQWU?FLDMHY\??LDQH? ?JNJ. ,FKNRQFHQWU?FLD]?YLV?RGS?YRGXD SRGPLHQRNNXOWLY?FLH
a GUXKRY FKPHĐX V esencL?OQRP ROHML FKPHĐX EROR LGHQWLILNRYDQ?FK YLDFHUR WKLRHVWHURY  
ako napr. PHWK\OWKLREXW\U?W PHWK\O-3-PHWK\OEXW\U?W PHWK\OWKLRSHQWDQ?W .RQFHQWU?FLD
W?FKWRHVWHURY]?YLV?KODYQHQDSHVWRYDWHĐVNHMREODVWLD podmienkach pestovania. Krok, kedy 
MH FKPHĐ SULG?YDQ? YR Y?UREH SLYD MH UR]KRGXM?FL Y ]DVW?SHQ? WKLRHVWHURY YR Y?VOHGQRP
SLYH 3RNLDĐ MH FKPHĐ SULG?YDQ? SR?DV XFKRY?YDQLD WDN Y???LX UROX Y orgDQROHSWLFN?FK
YODVWQRVWLDFK P? LQ? WKLRHVWHU PHWK\OWKLRKH[DQ?W DNR NHć VD FKPHĐ SULG?YD QD NRQFL
varenia (meWK\OWKLEXW\U?W 9D??LQD WKLRHVWHURY P? W\SLFN? Y?ĖX SR V\URFK D varenej 





















Obr. 10: 3U?NODG\Y]RUFRYWKLRHVWHURY [14] 
 
Thioestery vznikaM? UHDNFLRX RGSRYHGDM?FLFK WKLRORY V DF\ONRHQ]?PRP $ 3RPHU
Y]QLNDM?FLFK WKLRHVWHURY MH ?PHUQ? NRQFHQWU?FL? WKLRORY 1HSULDP\P SUHNXU]RURP
methylthioesteru v pive je PHWKLRQLQ SUHWR?H MH RGEXU?YDQ? FKHPLFN\ QD PHWKDQWKLRO
a SRWRPDFHW\ORYDQ?NYDVLQNDPLQDPHWK\OWKLRDFHW?W [14].  
2.1.2.7 'HULY?W\DON\OWKLR- 
7LHWR]O??HQLQ\VDQDFK?G]DM?Y U?]Q\FKGUXKRFKRYRFLDY V\UHY?QHDOHDMY pive. Medzi 
GHULY?W\ DON\OWKLR- patria napr. 3-methylthiopropioaldehyd (methional), 3-methylthio-1-









Methional je NĐ??RY? ]O??HQLQD ]D PODGLQRY? FKXĢ 0? W\SLFN? Y?ĖX SR YDUHQ?FK
]HPLDNRY DOHER SROLHYNH 0HG]D YQ?PDQLD v klasickom pive je cca 250 ?JNJ
a v nealkoholickoPSLYHMHWRVODE?LHQH? ?JNJ [11]. 
 
 
Obr. 11: Vzorec methionalu 
 
0HWKLRQDO Y]QLN? RGE?UDYDQ?P  PHWKDQWKLROX ] PHWKLRQ?QX 0HWKLRQ?Q VD SUL Y\VRNHM




























































Obr. 12: 6WHFNHURYHRGE?UDYDQLHPHWKLRQ?QX [15] 
 
7LH? P??H GRFK?G]DĢ N RGE?UDYDQLX LQRX FHVWRX D WR SUL YHĐPL Y\VRNHM WHSORWH -
200 ?&?L V? DOHERQLH V?SU?WRPQ? UHGXNXM?FH FXNU\ 7?WR UHDNFLDYHGLHN Y]QLNX DP?QRX
GHNDUER[\O?FLRX DOHER N vzniku aldehydov dekarbR[\O?FLRX D a GHDPLQ?FLRX REU13). 
3RYDKD Y]QLNDM?FLFK O?WRN MH RYSO\YQHQ? SU?WRPQRVĢRX FXNURY 9 SU?WRPQRVWL IUXNW?]\










Obr. 136\QW?]D DP?QXDOHERDOGHK\GX] DP?QRNH\VHOLQ\ FHVWRXSRGĐDShigematsu [14] 
 
0HWKLRQDO P??X WYRULĢ DM NYDVLQN\ ] PHWKLRQ?QX (KUOLFKRY?P PHFKDQL]PRP REU15). 











Methionol (3-methylthio-1-propanol) (obr.14 MH O?WND QDFK?G]DM?FD VD Y pive a YR Y?QH





Obr. 14: Vzorec methionalu 
 



























Obr. 15: Vznik methionalu a methionolu z PHWKLRQ?QX(KUOLFKRY?PPHFKDQL]PRP [16] 
2.1.2.8 2VWDWQ?V?UQH]O??HQLQ\ 
6?UQHWHUSHQ\V?SU?WRPQ?Y FKPHĐRY?FKVLQLFLDFK6?UQHKHWHURF\NO\ (thiofeny,  thiazoly) 











2.2 0R?QRVWLVWDQRYHQLDDURPDWLFN?FKV?UQ\FKO?WRNY slade a pive 
2.2.1 ,]RO?FLDV?UQ\FKO?WRN 
9?EHU YKRGQHM WHFKQLN\ L]RO?FLH analytu MH XU?HQ? W\SRP Y]RUN\ W\SRP VWDQRYHQ?KR
DQDO\WXFHQRXSRWUHEQRXQDL]RO?FLXD KODYQHSR?LDGDYNRXQDSUHVQRVĢD VSU?YQRVĢ 
3UFKDY? V?UQH O?WN\P??HPH L]RORYDĢ ] SO\QQ?FKNYDSDOQ?FK D a UR]PHOQHQ?FKSHYQ?FK
Y]RULHN YLDFHU?PL WHFKQLNDPL D WR GHVWLO?FLRX vodnou parou, headspace technikami, 




QD ]?NODGH LFK UR]GLHOQHM SUFKDYRVWL'HVWLO?FLD V YRGQRXSDURXXPR?ĖXMH ]?VNDĢ ]RY]RUN\




7?WR PHW?GD sa zaradzuje medzi VWDU?LH a v V??DVQosti MH QDKUDG]RYDQ? PRGHUQHM??PL 
PHW?Gami. 
2.2.1.2 Headspace techniky 
3RGVWDWRX W?FKWR PHW?G MH DQDO?]D SO\QQHM I?]\ NWRU? EROD Y kontakte s H[WUDKRYDQ?P
PDWHUL?ORPY LGH?OQRPSU?SDGHD?GRQDGREXGQXWLDURYQRY??QHMGLVWULE?FLHSUFKDY?FKO?WRN
PHG]L SO\QQRX D NRQGHQ]RYDQRX I?]RX NYDSDOQRX DOHER SHYQRX .RQFHQWU?FLD DQDO\Wov 
v RERFK I?]DFK NOHV? 5R]OL?XMHPH VWDWLFN? D G\QDPLFN? XVSRULDGDQLH 6WDWLFN? KHDGVSDFH
DQDO\]XMHY]RUNXSO\QXRGREUDQ?] prieVWRUXQDGNRQGHQ]RYDQRXI?]RXY X]DYUHWRPV\VW?PH 
a Q?VOHGQ?Q?VWUHNGR*& Pri dynamickej headspace sa NRQGHQ]RYDQ?I?]D extraKXMHSU?GRP
LQHUWQ?KR SO\QX ] NWRU?KR V? Y\Q??DQ? SDU\ SUFKDY?FK O?WRN YKRGQ?P VS?VRERP
]DFK\W?YDQ?9KRGQ?SRX?LĢY NRPELQ?FL?V termickou desorpciou.  
Adsorpcia ? MH VHSDUD?Q? SURFHV NWRU?KR SULQF?SRP MH QDKURPDGHQLH SO\QQHM DOHER
NYDSDOQHM O?WN\ DGVRUE?WQDSRYUFKXSHYQHM O?WN\ DGVRUEHQW??LQNRPPHG]LSRYUFKRY?FK
SU?ĢD?OLY?FK V?O 9DQGHU:DOOVRYHSU?ĢD?OLY? VLO\ DOHER VLOQHM?LH FKHPLFN? Y?]E\ 3ULHEHK
DGVRUSFLHMHFKDUDNWHUL]RYDQ?DGVRUS?QRXURYQRY?KRXD U?FKORVĢRXDGVRUSFLH 
Desorpcia ? proces uYRĐĖRYDQLD DGVRUERYDQHMPROHNXO\ ] povrchu adsorbentu vplyvom 
]Y??HQLD WHSORW\ DGVRUEHQWX ]PHQ?HQ?P NRQFHQWU?FLH DGVRUERYDQHM O?WN\ ]Q??HQ?P WODNX
DOHERSU?GRPQHXWU?OQHKRSO\QX [17]. 
2.2.1.3 7HUPLFN?GHVRUSFLD(TDAS) 
7HUPLFN? GHVRUSFLD MH PHW?GD NWRU? VD SRX??va QD DQDO?]X SUFKDY?FK DOHER
VHPLSUFKDY?FK O?WRN ] SHYQ?FK NYDSDOQ?FK DOHER SO\QQ?FK Y]RULHN EXć GHVRUSFLRX
z DGVRUEHQWX ?LYLFH QDFK?G]DM?FHM VD Y tUXEL?N?FK alebo priamou termickou extrakciou 
vzoriek z vialky. 
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$QDO\]RYDQ? Y]RUND MH SRPRFRX SU?GX LQHUWQ?KR SO\QX SUHV?YDQ? WUXEL?NRX QDSOQHQRX
s YKRGQ?P VRUEHQWRP DNW?YQH XKOLH VLOLNDJHO 7Hnax &DUER[HQ SUL?RP GRFK?G]D
k ]DFK\W?YDQLX DQDO\WX QD VRUEHQW 1?VOHGQH MH Y\NRQDQ? GHVURSFLD WHSORP SULDPR              
QD FKURPDWRJUDILFN? NRO?QX 0??H SUHELHKDĢ aj nepriamo v VSRMHQ? V dynamickou 
headspace [18]. 
 
Obr. 16: 7HUPLFN?GHVRUSFLD [19] 
2.2.1.4 0LNURH[WUDNFLDWXKRXI?]RX(SPME) 
0LNURH[WUDNFLDWXKRXI?]RX6ROLG3KDVH0LNURH[WUDFWLRQMHQRY?L]ROD?Q?WHFKQLNDNWRU? 
navrhol v polovici 90-tych rokov Janusz Pawliszin na Univerzite of Waterloo Ontario, 
Kanada. 630( MH ]DOR?HQ? QD SUHQRVH D ]DFK\WHQ? DQDO\WRY QD DNW?YQHPLHVWD VWDFLRQ?UQHM
I?]\ GR XVW?OHQLD UR]GHĐRYDFHM URYQRY?K\ Q?VOHGQRP XYRĐQHQ? WHUPLFNRX GHVRUSFLRX
a DQDO?]RX*&-HGQ?VDR U?FKOXFLWOLY?D prHVQ?WHFKQLNX9RĐERXYKRGQ?KRW\SXYO?NQDVD
G? GRVLDKQXĢ UHSURGXNRYDWHĐQRVĢ Y?VOHGNRY DM SUH Q?]NH NRQFHQWU?FLH DQDO\WRY -H WR
UHYROX?Q? SRVWXS SU?SUDY\ RUJDQLFN?FK Y]RULHN N DQDO?]H EH] SRX?LWLD UR]S??ĢDGLHO
1HY\?DGXMH]OR?LW?LQ?WUXPHQW?FLX (obr.17) [20]. 
 
Obr. 17: SPME [21] 
3ULQF?S 
-HGQ?VDR YHĐPL MHGQRGXFK?D ??LQQ?DGVRUS?Q?D GHVRUS?Q? WHFKQLNX]DNRQFHQWURYDQLD
DQDO\WX XU?HQ? QD DQDO?]X YRQQ?FK D FKXĢRY?FK O?WRN QDSU DONRKROLFN? D QHDONRKROLFN?
Q?SRMH, syry) alebo RUJDQLFN?FK O?WRN ]QH?LVĢXM?FLFK ?LYRWQ? SURVWUHGLH QDSU SHVWLF?G\   
[22, 5, 23].  
7HFKQLND MH NRPELQ?FLRX H[WUDNFLH D SUHGNRQFHQWU?FLH Y MHGQRP NURNX 3R?DV H[WUDNFLH V?
DQDO\W\VRUERYDQ?QDYO?NQRNWRU?MHSRWLDKQXW?YUVWYRXFKHPLFN\YLD]DQHMVWDFLRQ?UQHMI?]\
'RFK?dza k XVW?OHQLHUR]GHĐRYDFHMURYQRY?K\DQDO\WXPHG]LPDWULFRXY]RUN\D VWDFLRQ?UQRX






? 3RVWXS MH MHGQRGXFK? D U?FKO\ ? Y]RUNRYDQLH WUY? OHQ desiatky PLQ?W N?P VD Y\WYRU?
URYQRY?KD 
? &LWOLYRVĢ? DMQDYHĐPLQ?]NHNRQFHQWU?FLH 
? 1DDQDO?]XVWD??OHQ QLHNRĐNRPOY]RUN\ 
? ?LURN? VSHNWUXPSRX?LWLD 630( MHSRX?LWHĐQ?Y NRPELQ?FL? V Q?SOĖRY?PLD NDSLO?UQ\PL
NRO?QDPLY SO\QRYHMFKURPDWRJUDILL0R?QRMXSRX?LĢi v VSRMHQ?s HPLC.  
? 630(QHY\?DGXMH?LDGQHRUJDQLFN?UR]S??ĢDGO? 
? Keć?H ]?VNDQ? Y?VOHGN\ V? UHSURGXNRYDWHĐQ? PHW?GD MH YKRGQ? QD LGHQWLILN?FLX 
NYDQWLILN?FLX, ale i SUHUXWLQQ?SRX?LWLH 
? -HSU?VWXSQ?QDSOQ?DXWRPDWL]?FLX [20,24]. 
6S?VRE\Y]RUNRYDQLD 
([LVWXM? GYD ]?NODGQ? VS?VRE\ H[WUDNFLH DQDO\WX ] SR]RURYDQ?KR SURVWUHGLD (obr.18). 
9O?NQR P??H E\Ģ Y\VWDYHQ? SHYQ?PX NYDSDOQ?PX DOHER SO\QQ?PX DQalytu s SRX?LW?P
U?]Q\FKGUXKRYH[WUDNFLH 
? Extrakcia z priestoru nad analytom v SHYQRPDOHERNYDSDOQRPVNXSHQVWYHNWRU?MH
XPLHVWQHQ?Y uzavretej vialNH7?WRPHW?GDMHQD]?YDQ?+HDG6SDFH+6 - SPME. 
? 3ULDPH SRQRUHQLH YO?NQD GR NYDSDOQHM DOHER SO\QQHM PDtrice analytu tzv. direct 
sampling (DI) ?SPME. 
 
HS-630( MH YKRGQ? SUH H[WUDNFLX SUFKDY?FK RUJDQLFN?FK ]O??HQ?Q Y SRWUDYLQ?FK
Q?SRMRFKNOLQLFN?FKD RVWDWQ?FK]O??HQLQ?FK o Q?]NRPERGHYDUXD WLH?VDSRX??YDQDSU?NODG
pre vzorkovanie vzduchu. V plynnom proVWUHG? MH SRK\E PROHN?O U?FKOHM?? D G?MGH
k U?FKOHM?LHPXXVW?OHQLXURYQRY?K\PHG]LYO?NQRPD analytom. 
Oproti tomu DI-630( MH YKRGQ? SUH H[WUDNFLX QHSUFKDY?FK O?WRN Y pevnom alebo 
kvapalnom skupenstve. V SU?SDGH ?H V? Y PDWULFL SU?WRPQ? L PDNURPROHNXO?UQH O?WN\
a PHFKDQLFN? QH?LVWRW\ NWRU? E\ PRKOL RYSO\YQLĢ SULHEHK H[WUDNFLH MH QXWQ? H?WH SUHG
H[WUDNFLRX XSUDYLĢ PDWULFX QDSU?NODG ILOWURYDQ?P DOHER RGVWUHGHQ?P 0??H ?VĢ QDSU?NODG








3URFHVPHW?G\VDVNODG?] GYRFK]?NODGQ?FK?DVW?D WRH[WUDN?Q?KRD GHVURS?Q?KRSURFHVX 
? ([WUDN?Q?SURFHV ? YO?NQR VD VWLDKQH GR LKO\ VWULHND?N\ LKORX VD SUepichne septum 
vialky, v NWRUHM MHXPLHVWQHQ?Y]RUNDYO?NQRVDY\VXQLHGRNYDSDOQHMDOHERSO\QQHM
I?]\D GRFK?G]DN VRUSFLLQDYO?NQR3RVRUSFLLVDYO?NQR]DVXQLHGR LKO\D vytiahne 
z vialky. 
? 'HVRUS?Q? SURFHV ? ihla prepichne septum injektora vyhriateho QD SR?DGRYDQ?
WHSORWX YO?NQR VD Y\VXQLH D GRFK?G]D N desorpcii. Po desorpcii sa vl?kno zasunie     
do ihly a vytiahne z injektora.  
3ULY]RUNRYDQ?MHQDMNULWLFNHM??PSDUDPHWURPH[WUDN?Q??DV([WUDNFLDWUY?Y???LQRX-40 
PLQ?W DOH P??H E\Ģ Y?HREHFQH NUDW?? QH?  VHN?QG ([WUDNFLD ] SULHVWRUX SDUQHM I?]H MH
REY\NOH NUDW?LD QH? Y SU?SDGH NHG\ VD SRX??YD H[WUDNFLD SRQRUHQ?P GR Y]RUN\ 9ODVWQ?
H[WUDN?Q? ?DV RNUHP WRKR ]?OH?? DM QD PROHNXORY?FK KPRWQRVWLDFK H[WUDKRYDQ?FK O?WRN    
a QD SRX?LWRP W\SH YO?NQD ([WUDN?Q? ?DV P??H E\Ģ Y?HREHFQH NUDW?? Y QDVOHGXM?FLFK
SU?SDGRFK 
? $QDO?]DPROHN?OV PDORXPROHNXORYRXKPRWQRVĢRX 
? 3ULSRX?LW?YO?NQDV WHQNRXYUVWYRXSRO\P?UX 
? 3ULY\??HMNRQFHQWU?FL?DQDO\WRY 
630( ]DULDGHQLH P??H E\Ģ Y dvoch prevedeniach a WR PDQX?OQH SPME a SPME 
s DXWRPDWLFN?PG?YNRYDF?PV\VW?PRPDXWRVampler) [20,24].  
630(YO?NQR 
1DMG?OH?LWHM?RX V??DVĢRX ]DULDGHQLD MH  FP GOK? NUHPHQQ? YO?NQR NWRU? MH SRNU\W?
VRUE?QRX YUVWYRX VSRMHQ? V RFHĐRY?P SLHVWRP D XPLHVWQHQ? Y GXWHM RFHĐRYHM LKOH NWRU?
YO?NQRFKU?QLSUHGPHFKDQLFN?PSR?NRGHQ?PREU19). 
  
Obr. 196FK?PD630((YO?NQD 1 - SLHVWSUHY\V?YDQLHYO?NQD? Z ? GU?KD? ?U?ED
pre nastavenie polohy, 4 ? SUX?LQD? ]DWDYHQ?VHSWXP? ihla na prepichnutie septa, 7 ? 




630( YO?NQD SUH U?]QH DQDO\W\ U?]Q\FK W\SRY Y]RULHN P??X E\Ģ QHSRO?UQH
SRO\GLPHWK\OVLOR[DQRY? D SRO?UQH SRO\DNU\O?WRY? 1HSRO?UQH ]O??HQLQ\ V? GREUH
H[WUDKRYDWHĐQ? QHSRO?UQ\PL YO?NQDPL D SRO?UQH ]O??HQLQ\ SRO?UQ\PL YO?NQDPL %OL??LH
LQIRUP?FLHR vlastnRVWLDFKMHGQRWOLY?FKYO?NLHQV?XYHGHQ?Y WDEXĐNH 
Tab. 19ODWQRVWLMHGQRWOLY?FKYO?NLHQ [24,26] 
9O?NQR Charakteristika 
100 ?P3ROLG\PHW\OVLOR[DQ3'06 Y\VRN?NDSDFLWD   
PD[LP?OQDWHSORWD ?&  
oGSRU??DQ?WHSORWDGHVRUSFLH ?& 
SRX?LWLH SUFKDY? Q?]NR VWUHGQH YU?FH ]O??HQLQ\
(<220 ?& 
QHSRO?UQH]O??HQLQ\   
30 ?P3RO\GLPHW\OVLOR[DQ3'06 Y\VRN?NDSDFLWD   
max. teplota 280 ?&   
odpor??DQ?WHSORWDGHVRUSFLH-270 ?& 
7 ?P3RO\GLPHW\OVLOR[DQ3'06 Y\VRN?NDSDFLWD   
max. teplota 340 ?&   
odpor??DQ?WHSORWDGHVRUSFLH-320 ?& 
SRX?LWLH VHPLSUFKDY? Y\VRNR YU?FH ]O??HQLQ\
(< 220 ?& 
QHSRO?UQH]O??HQLQ\   
85 ?P3RO\DNU\O?W3$ Y\VRN?NDSDFLWD   
max. teplota 310 ?&   
odpor??DQ?WHSORWDGHVRUSFLH220-300 ?& 
SRX?LWLH3RO?UQH]O??HQLQ\  
65 ?m Carbowax/divinylbenzen 
(CW/DVB) 








Polydimethylsiloxan/Carboxen/ Y\VRN?NDSDFLWD   
divinylbenzen (PDMS/CX/DVB) Y?HREHFQ?SRX?LWLH   
)\]LN?OQR-FKHPLFN?SULQF?SPHW?G\ 
Z I\]LN?OQRFKHPLFN?KR KĐDGLVND MH URYQRY??Q\ VWDY 630( WHFKQLN\ ]?YLVO?                    
na kRQFHQWU?FL?DQDO\WXYRY]RUNHD na type a KU?ENHSRO\P?UX 
DI-SPME 






                 (1) 
kde - PQR?VWYRDQDO\WXQDVRUERYDQHMQDVWDFLRQDUQHMI?]H - UR]GHĐRYDFLDNRQ?WDQWD
- REMHPSRO\P?UQHMYUVWY\  - SR?LDWR?Q?NRQFHQWU?FLDDQDO\WXYRY]RUNH 
3ULPDO?FK REMHPRFK VD -POP??H E\Ģ Y]RUND RFKXGREĖRYDQ? R orgDQLFN? DQDO\W\
a PQR?VWYRDQDO\WXVRUERYDQ?KRQDYO?NQRVDG?Y\MDGULĢURYQLFRX(2) 
     (2) 
kde  - objem vzorky. 
Z XYHGHQHM URYQLFH Y\SO?YD OLQH?UQ\ Y]ĢDK PHG]L SR?LDWR?QRX NRQFHQWU?FLRX DQDO\WX     
vo vzorke a PQR?VWYRPDQDO\WXNWRU?VDVRUEXMHYO?NQRP0DWHUL?O\SRX??YDQ?QDSRNU\WLH
YO?NQD VD Y\EHUDM? V RKĐDGRP QD ?R QDMY\??LH KRGQRW\ . ?R VS?VREXMH Y\VRN? VRUS?Q?
VFKRSQRVĢYO?NQDVRVHOHNW?YQ\PHIHNWRP 
3UH RED SU?SDG\ MHPR?Q?PQR?VWYR QDVRUERYDQHM Y]RUN\ DNR IXQNFLH ?DVX RGYRGLĢ ] 2. 
)LFNRYKR]?NRQDR GLI?]L?=DSUHGSRNODGXU?FKOHKRSUHPLH?DYDQLDVD?DVH[WUDNFLHY\SR??WD
]RY]ĢDKXSUL?RPPLH?DQLH]Y\?XMH??LQQRVĢH[WUDNFLHQDYLDFDNR 
     (3) 
kde  - ?DV H[WUDNFLH PLH?DQLD  - diI?]Q\ NRHILFLHQW  - KU?END SRO\P?UQHM
vrstvy. 
 
?DV H[WUDNFLH MH GDQ? ?DVRP SRWUHEQ?P SUH H[WUDNFLX GRVWDWR?QHM NRQFHQWU?FLH DQDO\WX
s QDMY\??RX GLVWULEX?QRX NRQ?WDQWRX 'LVWULEX?Q? NRQ?WDQWD Y?HREHFQH Y]UDVW?  V UDVW?FRX
PROHNXORYRXKPRWQRVĢRXD ERGRPYDUXDQDO\WX+UXE?LDYUVWYDMHVFKRSQ?H[WUDKRYDĢY???LH
PQR?VWYRDQDO\WXQH?YUVWYDWHQN?3UHWRVDYO?NQRV KUXE?RXYUVWYRXSRX??YDQD]DFK\WHQLH
SUFKDYHM??FK O?WRND QDVOHGXM?FRXEH]VWUDWRYRXGHVRUEFLRXY Q?VWUHNXFKURPDWRJUDIX7HQN?
YUVWYDQDRSDN]DEH]SH?XMHU?FKOXGLI?]LXD XYRĐQHQLHY\??LHYU?FLFK ]OR?LHN]RY]RUN\SR?DV




VL Y\?DGXM? KUXE?LX YUVWYX SRO\P?UX D WHQ?LD YUVWYD MH ]DVD ??LQQHM?LD SUH VRUEFLX VWUHGQH
SUFKDY?FKO?WRN [20,24]. 
HS-SPME 
HeaGVSDFH 630( WHFKQLND VD SRX??YD QD DQDO?]X SDU RUJDQLFN?FK ]O??HQ?Q ] U?]Q\FK
PDWU?F Y]RULHN 3UL +6-630( Y]RUNRYDQ? SUFKDY?FK O?WRN QHP? PLH?DQLH WDNPHU ?LDGQ\
vplyv na extrakciu, iba u PHQHM SUFKDY?FK O?WRN XU?FKĐXMH WUDQVSRUW D P? ]D Q?VOHGRN
U?FKOHM?LH GRVLDKQXWLH URYQRY?K\ PHG]L YO?NQRP D RNROLW?P SURVWUHG?P +6-SPME je 
WURMI?]RY? V\VW?P YUVWY\ SRO\P?UQHM I?]\ KHDGVSDFHPDWULFH Y]RUN\ Y NWRURPGRFK?G]D




PR XVW?OHQ? URYQRY?K\ PHG]L W?PLWR WURPD I?]DPL P??HPH PQR?VWYR DQDO\WRY
VRUERYDQ?FKQDSRO\P?UQXI?]XY\SR??WDĢ]RY]ĢDKX 
     (4) 
kde  - SR?LDWR?Q?NRQFHQWU?FLDDQDO\WXYRY]RUNH  ? UR]GHĐRYDFLHNRQ?WDQW\PHG]L
SRO\P?UQRXI?]RXD headspace a medzi headspace a matricou, ,  - REMHP\SRO\P?UQHM
vrstvy, matrice a headspace. 
3R]MHGQRGX?HQ?5): 
      (5) 
kde . 
?DVY]RUNRYDQLDSUH+6-SPME je SRPHUQHNU?WN\9 VSRMHQ?V *&MHYHĐPLG?OH?LW?XU?LĢ
PHG]H VWDQRYHQLD G? VD RYSO\YQLĢ ]PHQRX KU?EN\ YUVWY\ D SRO\P?UQHM I?]\
a UHSURGXNRYDWHĐQRVWLDQDO?]\ [20,24]. 
2.2.1.5 '\QDPLFN?H[WUDNFLDWXKRXI?]RX63'( 
-HGQ? VD R G\QDPLFN? H[WUDNFLX NYDSDOQ?FK DOHER SO\QQ?FK Y]RULHN $QDO?]D                   
DMPDQLSXO?FLD MHĐDK?LDD RYHĐDVSRĐDKOLYHM?LDDNRRVWDWQ?H[WUDN?Q? WHFKQLN\7HFKQRO?JLD
XPR?ĖXMH VWDQRYLĢ DM YHĐPL Q?]NH NRQFHQWU?FLH 7LH? VD MHM KRYRU? ?PDJLFN? LKOD? SUHWR?H   
QD UR]GLHO RG 630( YO?NQR P? LKOX YQ?WUL NWRUHM VD QDFK?G]D YKRGQ? VRUEHQW
.RQFHQWU?FLD QD VRUEHQWH UDVWLH W?P ?H VD VW?OH QDEHU? D Y\S??ĢD Y]RUND 7?P GRFK?G]D
k ]Q?VREHQLX NRQFHQWU?FLH D W?P DM N OHS?HM DQDO?]H 63'( MH QRY?LD D PRGHUQHM?LD ?SUDYD
SPME [27].  
 





2.2.2 &KURPDWRJUDILFN?VWDQRYHQLHV?UQ\FKO?WRNY slade a pive 
ChroPDWRJUDILDMHPHW?GDNWRU?VO??LN VHSDU?FL?D DQDO?]H]OR?LW?FK]PHV?8SODWĖXMHVD
YR Y?HWN?FK YHGHFN?FK RGYHWYLDFK 3RX??YD VD QD ?LVWHQLH O?WRN RG SU?PHV? QD RGGHOHQLH 
MHGQHM DOHER YLDFHU?FK ]OR?LHN ]R ]PHVL QD UR]GHOHQLH ]PHVL QD FKHPLFN\ ?LVW? O?WN\
a LGHQWLILN?FLXW?FKWRO?WRN 
V chromatografii sa MHGQRWOLY? ]OR?N\ GHOLDPHG]L GYH I?]\ - VWDFLRQ?UQu QHSRK\EOLY?    
a mobiln? SRK\EOLY? 9]RUND VD XPLHVWĖXMH QD ]D?LDWNX VWDFLRQ?UQHM I?]\ 3RK\ERP






? 3O\QRY?FKURPDWRJUDILD (GC) ? PRELOQ?I?]DMHSO\n 
? .YDSDOLQRY?FKURPDWRJUDILD (LC) ? PRELOQ?I?]DMH kvapalina 
 
PRGĐDXVSRULDGDQLDVWDFLRQ?UQHMI?]\: 
? .RO?QRY?FKURPDWRJUDILD ? VWDFLRQ?UQDI?]DMHXPLHVWQHQ?Y trubici 
       3OR?Q?WHFKQLN\ 
? 3DSLHURY? FKURPDWRJUDILD3& ? stacioQ?UQD I?]D MH V??DVĢRX FKURPDWRJUDILFN?KR
papiera 




? Rozdelovacia chromatografia ? prebieha v V\VW?PH GYRFK QHPLHVLWHĐQ?FK NYDSDO?Q 
a k VHSDU?FL?GRFK?G]DQD]?NODGHRGOL?QRVWLUR]GHĐRYDF?FKNRHILFLHQWRY  
? $GVRUS?Q?FKURPDWRJUDILD ? VWDFLRQ?UQRXI?]RXE?vDWXK?O?WNDDGVRUEHQWNWRU?MH
VFKRSQ?DGVRUERYDĢQDVYRMRPSRYUFKXO?WN\] NYDSDOQHMDOHERSO\QQHMPRELOQHMI?]\
6LO\NWRU?PLVXO?WN\YLD]DQ?QDSRYUFKDGVRUEHQWD]?YLVLDRGFKDUDkteru adsorbenta, 
DGVRUERYDQHMO?WN\D od prostredia, z NWRU?KRV?DGVRUERYDQ? 
? ,?QRYR-Y?PHQQ?FKURPDWRJUDILD ? RVHSDU?FL? UR]KRGXM? U?]QHYHĐN?HOHNWURVWDWLFN?
SU?ĢD?OLY?VLO\PHG]LIXQN?Q?PLVNXSLQDPLVWDFLRQ?UQHMI?]\D L?QPLY]RUN\ 
? *?ORY?FKURPDWRJUDIia ? ]OR?N\VDVHSDUXM?SRGĐDYHĐNRVWLQDS?URYLWHMVWDFLRQ?UQHM
I?]HJ?OXPHQ?LHPROHNXO\Y]RUN\VDY J?O\]GU?LDYDM?GOK?LH 












3O\QRY? FKURPDWRJUDILD MH VHSDUD?Q? PHW?GD NWRU? P? Y?]QDPQ? SRVWDYHQLH Y DQDO?]H
SUFKDY?FK a VSO\QLWHĐQ?FK O?WRN 0HG]L KODYQ? Y?KRG\ WHMWR WHFKQLN\ SDWULD MHGQRGXFK?
a U?FKOH Y\NRQDQLH DQDO?]\ ??LQQ? VHSDU?FLD O?WRN D PDO? PQR?VWYR Y]RULHN 0HW?GD VD
SRX??YD N VHSDU?FL? SO\QRY Y???LQ\ QHGLVRFLRYDWHĐQ?FK NYDSDO?Q D SHYQ?FK RUJDQLFN?FK
PROHN?O D RUJDQRNRYRY?FK O?WRN 1HSRX??YD VD SUH VHSDU?FLX PDNURPROHN?O RUJDQLFN?FK    
DDQRUJDQLFN?FKVRO? 
2.2.3.1 3ULQF?S 
V SO\QRYHM FKURPDWRJUDILL VD DQDO\]RYDQ? O?WND UR]GHĐXMH PHG]L VWDFLRQ?UQX D PRELOQ?
I?]X 0RELOQRX I?]RX MH SO\Q 6WDFLRQ?UQRX I?]RX MH NYDSDOLQD DOHER SRYUFKRYR DNW?YQ\
adsorbent, SRGĐD?RKRUR]OL?XMHPHFKURPDWRJUDILXSO\Q? kvapalina alebo plyn ? SHYQ?O?WND
9]RUND VD G?YNXMH GR SU?GX SO\QX NWRU? MHćDOHM XQ??DQ? NRO?QRX SUHWR VDPRELOQ? I?]D
QD]?YDQRVQ?SO\Q9plyvom vysokej teploty sa vzorka LKQHćSUHPLHĖDQDSO\Q9 NRO?QHsa 
]OR?N\ VHSDUXM? QD ]?NODGH U?]Q\FK VFKRSQRVWL S?WDĢ VD QD VWDFLRQ?UQX I?]X =OR?N\
RS??ĢDM?FH NRO?QX LQGLNXMH GHWHNWRU 6LJQ?O ] detektoru sa vyhodnocuje a z ?DVRY?KR
SULHEHKXLQWHQ]LW\VLJQ?OXVDXU??GUXKDNYDQWLWDW?YQH]DVW?SHQLH]OR?LHN 




SUHGSRNODG? ?H VRUS?Q? IXQNFLD MH OLQH?UQDGLVWULE?FLDDQDO\WXPHG]L VWDFLRQ?UQRXDPRELOQRX
I?]RXVDQHXVWDĐXMHRNDP?LWHDSULPLJU?FLL]OR?LHNNRO?QRXVDXSODWĖXMHGLI?]LD2EMHNWRPWH?ULH
MH SUHGSRYHGDĢ UHWHQ?Q? ?DV VHSDURYDQ?FK ]OR?LHN ]RGSRYHGDM?FH UHODW?YQH ??UN\
FKURPDWRJUDILFN?FK ]?Q D PLHUX UR]O??HQLD PHG]L GYRPD VXVHGQ?PL ]?QDPL DNR IXQNFLX
FKDUDNWHULVW?NNRO?Q\DSUDFRYQ?FKSDUDPHWURY [29,30]. 
2.2.3.2 5HWHQ?Q?FKDUDNWHULVWLN\ 
=?]QDP GHOHQLD GYRM]OR?NRYHM ]PHVL MH QD REU?]NX 21. Z chromatogrDILFNHM ]?Q\ ]OR?N\    
D LQHUWX PR?QR QDPHUDĢ ]?NODGQ? SDUDPHWUH PĚWY\ UHWHQ?Q? ?DV UHWHQ?Q? ?DV UHGXNRYDQ?
UHWHQ?Q??DV??UNXDY??NXS?NX 
 




? 5HWHQ?Q? ?DV ? FHONRY? ?DV NWRU? SU?VOX?Q? DQDO\W VWU?YL Y VHSDUD?QHM NRORQH
Y\SR??WDVDSRGĐDY]ĢDKX6): 
      (6) 
            kde - UHWHQ?Q??DV  ? PĚWY\UHWHQ?Q??DV  - UHGXNRYDQ?UHWHQ?Q??DV 
 
? 0ĚWY\ UHWHQ?Q? ?DV ? UHWHQ?Q? ?DV DQDO\WX NWRU? QLH MH Y NRO?QH ]DGU?LDYDQ? WM
DQDO\WXNWRU?VDSRK\EXMHNRO?QRXURYQDNRXU?FKORVĢRXDNRPRELOQ?I?]D 
 
? 5HGXNRYDQ?UHWHQ?Q??DV ? ?DVNWRU?SU?VOX?Q?DQDO\WVWU?YLY VWDFLRQ?UQHMI?]H 
 
? 5HWHQ?Q?REMHP ? REMHPPRELOQHMI?]\NWRU?PXV?SUHMVĢNRO?QRXDE\VDSU?VOX?Q?
DQDO\WGRVWDORG]D?LDWNXNXNRQFXNRO?Q\9\MDGUXMHKRY]ĢDK7): 
   (7) 
            kde  - UHWHQ?Q?REMHP  - REMHPRY?SULHWRN  ? PĚWY\UHWHQ?Q?REMHP  -  
            UHGXNRYDQ?UHWHQ?Q?REMHP 
 
? 0ĚWY\ UHWHQ?Q? REMHP ? REMHP HOXHQWX NWRU? PXV? SUHMVĢ NRO?QRX DE\ VD
QH]DGU?DQ?DQDO\WGRVWDORG]D?LDWNXD?QDNRQLHFNRO?Q\ 
 
? 5HWHQ?Q?IDNWRU ? SRPHU?DVRYNWRU?]O??HQLQDSR?DVVHSDU?FLHVWU?YLY VWDFLRQ?UQHM
a mobLOQHMI?]HDOHWLH?SRPHUPQR?VWYDVHSDURYDQHM]OR?N\Y W?FKWRI?]DFK (8,9). 
    (8,9) 
? 'LVWULEX?Q? NRQ?WDQWD ? FKDUDNWHUL]XMH UR]GHOHQLH ]OR?N\ PHG]L REH I?]\ D je to 
SRPHU NRQFHQWU?FLH ]OR?N\ Y VWDFLRQ?UQHM I?]H D NRQFHQWU?FLH ]OR?N\ Y mobilnej 
I?]H (10).  
       (10) 
            kde  - GLVWULEX?Q?NRQ?WDQWD  ? NRQFHQWU?FLD]OR?N\Y stacion?UQHMI?]H  ?  
            NRQFHQWU?FLD]OR?N\Y PRELOQHMI?]H 
2.2.3.3 ??LQQRVĢVHSDU?FLH 
? 9\MDGUHQLH SR?WX WHRUHWLFN?FK SDWHU ? ??P Y???LH W?P Y???LH QHY?KRGD ? ]?YLVO?    
QDGREHNRO?Q\ (11). 
      (11) 
? 9\MDGUHQLHDNRY??NRY?HNYLYDOHQWWHRUHWLFN?KRSDWUD(12) ? ??PPHQ??W?POHS?? 
        (12) 
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            NGH/MHGĎ?NDNRO?Q\Q? SR?HWWHRUHWLFN?FKSDWHU 
? =?YLVORsĢ+QDSULHPHUQHMU?FKORVWLPRELOQHMI?]\XYDQ'HHPWHURY?NULYND (13) 
      (13) 
kde A,B,  V?NRQ?WDQW\FKDUDNWHUL]XM?FHNRO?QX [28,29,31]. 
 
Obr. 22: *UDILFN?Y\MDGUHQLHYDQ'HHPWHURYHMNULYN\ [28] 
2.2.3.4 .YDQWLWDW?YQDDQDO?]DY plynovej chromatografii 
=D SUHGSRNODGX OLQH?UQHM RGR]Y\ GHWHNWRUX MH SORFKD ?L Y??ND S?NX ?PHUQ? PQR?VWYX
O?WN\ 7R XPR?ĖXMH XU?RYDĢ NRQFHQWU?FLX DOHER PQR?VWYR GDQHM O?WN\ YR Y]RUNH .YDOLWD







komponenta a zosWURM? VD SU?VOX?Q? JUDI 9 REODVWL OLQH?UQHM RGR]Y\ MH PR?Q? NDOLEUD?Q?
SULDPNXY\MDGULĢ (14): 
       (14) 
kde x ? QH]?YLVO? SUHPHQQ? NRQFHQWU?FLD ?WDQGDUGX \ ? ]?YLVO? SUHPHQQ? RGR]YD















SUHGSRNODG? ?H RGR]YD GHWHNWRUD SUH Y?HWN\ ]OR?N\ DQDO\]RYDQHM Y]RUN\ MH URYQDN? Y?HWN\
]OR?N\DQDO\]RYDQHMY]RUN\HOXRYDOL]NRO?Q\DGHWHNWRU LFK]D]QDPHQDOSUL G?YNRYDQ?Y]RUN\
DOHERLQ?FKRSHU?FL?FKV?YLVLDFLFKV MHM?SUDYRXQHGRFK?G]DNGLVNULPLQ?FLL]OR?LHN0QR?VWYR
XU?LW?KRNRPSRQHQWXVDY\MDGUXMHDNRUHODW?YQDIUDNFLD] celku.  
7DN?HY XU?LWHM]PHVLMH[O?WN\$\O?WN\%]O?WN\&D SRG9?VOHGN\PHW?G\
QH]?YLVLDQDSUHVQRVWLREMHPX   SULQ?VWUHNXY]RUN\ 
? $EVROXWQ?NDOLEU?FLD 
0HW?GRXDEVROXWQHMNDOLEU?FLHVDXU?XMHDEVROXWQ?NRQFHQWU?FLDDOHERDEVROXWQ?PQR?VWYR
O?WN\ QD ]?NODGH NDOLEUD?QHM ]?YLVORVWL 6SU?YQRVĢ PHW?G\ ]?YLV? QD GREUHM




Y]RUN\PXV?E\ĢGREUHRGGHOHQ?RGY?HWN?FK]OR?LHNY S?YRGQHMY]RUNHD PXV? VDHOXRYDĢ
v EO?]NRVWL VWDQRYHQHM ]OR?N\9?KRGRXPHW?G\ MH ?HQLH MHSRWUHEQ?SR]QDĢSUHVQ?REMHP
Q?VWUHNXY]RUN\D s SRX?LW?P,6VDG?HOLPLQRYDĢYSO\Y]PLHQSUDFRYQ?FKSRGPLHQRN 
.RQFHQWU?FLD]OR?N\x YRY]RUNHVDG?Y\SR??WDĢ] NDOLEUD?QHM]?YLVORVWL (15): 
      (15) 
kde  ? SORFKD VLJQ?OX DQDO\WX x v ?WDQGDUGQRP UR]WRNX  - MH SORFKD VLJQ?OX
YQ?WRUQ?KR ?WDQGDUGX Y ?WDQGDUGQRP UR]WRNX DQDO\WX [  - NRQFHQWU?FLD ?WDQGDUGQ?KR
roztoku analytu x,  - NRQFHQWU?FLDYQ?WRUQ?KR?WDQGDUGXY ?WDQGDUGQRPUR]WRNXDQDO\WX[ 
? 0HW?GD?WDQGDUGQ?KRSU?GDYNX 
3UL WHMWR PHW?GH D NX Y]RUNH SULG?YD ]Q?PH PQR?VWYR VWDQRYRYDQHM O?WN\ 9 ]?YLVORVWL    
QDW\SHNRPSRQHQWRYVDWHQWRSU?GDYRNP??H]DYLHVĢYRIRUPH?LVWHMO?WN\DOHERDNRUR]WRN
GDQHM O?WN\ YR YKRGQRP UR]S??ĢDGOH 6WDQRYHQLH P??H E\Ģ ]DOR?HQ? QD MHdnom alebo 
YLDFHU?FKSU?GDYQ?FKO?WRNN QH]Q?PHMY]RUNH [28,29]. 
2.2.3.5 3O\QRY?FKURPDWRJUDI 
3O\QRY? FKURPDWRJUDI VD VNODG? ]R ]GURMD QRVQ?KRSO\QX UHJXOD?Q?KR V\VW?PX NRO?Q\





Obr. 233O\QRY?FKURPDWRJUDI [32] 
 
=GURMQRVQ?KRSO\QX WODNRY? IĐD?D REVDKXM?FD YRG?N GXV?N K?OLXP DOHER DUJ?Q 6O??L
DNR WUDQVSRUWQ? P?GLXP SUH SO\QQ? ]PHV NWRU? MH DQDO\]RYDQ? 0XV? E\Ģ LQHUWQ?                




'?YNRYD? (injektor) VO??L N ]DYHGHQLX Y]RUN\ GR SU?GX QRVQ?KR plynu. Technika 
G?YNRYDQLD PXV? ]DLVWLĢ RGSDUHQLH Y]RUN\ Y ?R QDMNUDW?RP ?DVH 5R]WRN\ G?YNXMHPH
LQMHN?Q?PL PLNURVWULHND?NDPL '?YNRYDQLH P??H E\Ģ UX?Q? DOHER DXWRPDWLFN? NWRU? MH
U?FKOH Y\NRQ?YD VD Y URYQDN?FK LQWHUYDORFK D SUHWR WX QHGRFK?G]D N FK\E?P. Pred 
G?YNRYDQ?P VD PLNURVWULHND?ND SUHP?YD UR]S??Ģadlom, potom sa premyje vzorkou a D?
QDNRQLHFG?YNRYD?QDWLDKQHY]RUNXD G?YNXMHVD 
6S?VRE\G?YNRYDQLD 
? 3ULDPRQDNRO?QX? ihla MHSULDPR]DYHGHQ?GRNRO?Q\ 
? S SRX?LW?PGHOL?DWRNXVSOLW? GRFK?G]DN zn??HQLXPQR?VWYDDQDO\WX%R?Q?NRK?WLN
MHRWYRUHQ?D WODNRPSO\QXLGH?DVĢY]RUN\QDNRO?QXD ?DVĢSUHFK?G]DSUH?ER?Q?P
NRK?WLNRP 
                                 (splitless) ? ER?Q?NRK?WLNMHQDMSUYX]DYUHW?WODNRPSO\QXVD
?DVĢ Y]RUN\ GRVWDQH QD NRO?nu a SRWRP VD RWYRU? ER?Q? NRK?WLN D prebytok vzorky 
RGFK?G]DW?PWRNRK?WLNRP [28,30]. 
 
.RO?QD MH XPLHVWQHQ? Y SHFL, v ktorej VD QDFK?G]D VWDFLRQ?UQD I?]D 1DVW?YD Y nej 
VHSDU?FLD]OR?LHN3R]Q?PHQ?SOĖRY?DNDSLO?UQXNRO?QX 
? 1?SOĖRY? ? Q?SOĖ MH WYRUHQ? SeYQRX O?WNRX DOHER NYDSDOLQRX ]DNRWYHQRX D pevnom 
nosi?i ? VWDFLRQ?UQD I?]D. 5R]R]Q?YDPH NODVLFN? Q?SOĖRY? NRO?Q\ QDM?DVWHM?LH




? .DSLO?UQD ? kvapalina ? VWDFLRQ?UQD I?]D SRX??YD VD NUHPHQQ? NDSLO?UD SRWLDKQXW?
polyimidom ]YRQNDM?HMVWUDQ\E?YDM?GOK?LHQH?Q?SOĖRY?Y UR]PHG]?RGGR
m s YQ?WRUQ?PSULHPHURP?P? PP5R]R]Q?YDPHGUXK\NDSLO?UQ\FKNRO?Q 
 SCOT (support-coated open tubular columns) ? NRO?QD V kvapalinou 
]DNRWYHQRXQDQRVL?LNWRU?MH]DFK\WHQ?QDYQ?WRUQ?FKVWHQ?FKNDSLO?U\ 
 PLOT (porous layer open tubular columns) ? NRO?QD V DGVRUEHQWRP NWRU? MH
]DFK\WHQ?QDYQ?WRUQ?FKVWHQ?FKNDSLO?U\ 
 WCOT (wall-coated open tubular columns) ? NRO?QDV kvapalinou zakotvenou 
QDYQ?WRUQ?FKVWHQ?FKNDSLO?U\ [33].  
 
Obr. 247\S\NDSLO?UQ\FKNRO?Q [34] 
 
Detektor VO??L N GHWHNFLL O?WRN Y QRVQRP SO\QH VLJQDOL]XMH Q?P MHKR SU?WRPQRVĢ
Existuje YLDFHUR W\SRY GHWHNWRURY 9RĐED GHWHNWRUX ]?YLV? QD DSOLN?FL? D QD FLHOL DQDO?]\
-HGQRWOLY? W\S\ VD O??LD SULQF?SRP IXQNFLH NRQ?WUXNFLRX tak i VHOHNWLYLWRX FLWOLYRVĢRX
medzou detekcie a OLQH?UQ\PG\QDPLFN?PUR]VDKRP1DM]Q?PHM?LH detektory:  
 
? 3ODPHĖRY? IRWRPHWULFN? GHWHNWRU )3'- SRX??YD VD QD VWDQRYHQLH V?U\  QP      
a fosforu (526 nm). 'HWHNFLD VSR??YD Y HPLVLL VYHWOD NWRU? Y]QLN? SUL VSDĐRYDQ?
RUJDQLFN?FK O?WRN Y SODPHQL ERKDWRP QD N\VO?N = O?WRN REVDKXM?FLFK KHWHURDW?P\
Y]QLNDM? PHG]LSURGXNW\ NWRU? SUH ND?G? SUYRN SRVN\WXM? FKDUDNWHULVWLFN? PROHNXORY?
spektrum. Odozva FPD detektoru nie je OLQH?UQa, ?R m??H VS?VRERYDĢ SUREO?P\      
pri kvantifik?FL?. PULQF?S )3' $QDO\W LGH SULDPR ] NRO?Q\ GR SODPHĖD NGH ]KRU?
a Y\WYRU??LDUHQLHXU?LWHMYOQRYHMGĎ?N\FKDUDNWHULVWLFN?SUHW?NRQNU?WQX O?WNX7RWR
?LDUHQLHLGHćDOHMQDIRWRQ?VREL?NGHVD]Q?VRE?D SUHYHGLHQDHOHNWULFN?SU?G7HQVD





Obr. 25: FPD detektor [35] 
 
? 7HSHOQH YRGLYRVWQ? detektor (TCD) - nRVQ? SO\Q SU?GL FH] YO?NQR ?KDYHQ? VW?O\P
HOHNWULFN?P SU?GRP D RFKODG]XMH LFK QD XU?LW? WHSORWX 3U?WRPQRVĢ ]OR?N\ ]PHQ?
WHSHOQ? YRGLYRVĢ SURVWUHGLD RNROR ?KDY?KR YO?NQD D W?P MHKR WHSORWX D HOHNWULFN?
odpor. Pracuje sa s GYRPLYO?NQDPL, cH]MHGQRSU?GL?LVW?QRVQ?SO\QFH]GUXK?SU?GL
plyn z NRO?Q\ 7HQWR GHWHNWRU VD SRX??YD SUL DQDO?]DFK DQRUJDQLFN?FK SO\QRY            
a n?]NRPROHNXO?UQ\FKRUJDQLFN?FKO?WRN-HKRFLWOLYRVĢMHPHQ?LDGHWHN?Q?OLPLW\V?
v mikrogramoch analytu. 
 
? ,RQL]D?Q?GHWHNWRU\ V?]DOR?HQ?QDYHGHQ?HOHNWULQ\Y SO\QRFK=?NODGRPDSDUDW?U\MH
L]RORYDQ?Q?GREDNWRURXSU?GLSO\QFH]GYHNRYRY?GRVN\HOHNWU?G\PHG]LNWRU?PL
MH HOHNWULFN? SROH 3DWU? VHP SODPHĖRY? LRQL]D?Q? SODPHĖRY? LRQL]D?Q? GHWHNWRU




(MS). Nepostr?dateĐQ? MH VSRMHQLH *&-06 WDP NGH VD Y\NRQ?YDM? LGHQWLILN?FLH
QH]Q?P\FK ]OR?LHN ]PHVL 3UH ND?G? ]OR?NX VD G? ]?VNDĢ LFK KPRWQRVWQ? VSHNWUXP
a LGHQWLILNRYDĢ MX SRURYQDQ?P MHM KR VSHNWUD V NQL?QLFRX VSHNWLHU ]O??HQ?Q XOR?HQ?
v SR??WD?L 
 
Vyhodnocovacie zariadenie VSUDFRY?YD VLJQ?O ] GHWHNWRUX ]DNUHVĐXMH FKURPDWRJUDILFN?
krivku a vyhodnocuje ju. 
 
Termostat XGU?XMH NRQ?WDQWQ? WHSORWX NRO?Q\ Y SULHEHKX DQDO?]\ DOHER WHSORWX SO\QXOH
PHQ?SRGĐDQDVWDYHQ?KRSURJUDPX 
 




2.2.3.6 'HULYDWL]?FLDY plynovej chromatografii 
'HULYDWL]?FLRX Y chroPDWRJUDILFN?FK PHW?GDFK VD FK?SH FKHPLFN? SUHPHQD PROHN?O
VHSDURYDQHMO?WN\Y\NRQDQ?]D??HORPXPR?QHQLDYODVWQHMDQDO?]\DOHER]OHS?HQLDYODVWQRVW?
DQDO\]RYDQ?FKO?WRNSUFKDYRVĢVWDELOLWDVHSDUD?Q?SUoces, detekcia). 
?ORKRX GHULYDWL]?FLH Y plynovej chrRPDWRJUDILL MH QDM?DVWHM?LH RGVWU?QHQLH DNW?YQ\FK
YRG?NRY?FK DW?PRY YR IXQN?Q?FK VNXSLQ?FK RUJDQLFN?FK O?WRN ??P VD ]OHS?LD YODVWQRVWL
analytov s RKĐDGRPQD*&VHSDUD?Q?SURFHV 
0HG]L Y?]QDPQ? GHULYDWL]D?Q? ?LQLGO? Y\X??YDQ? Y plynovej chromatografii patria 








































3.1 3RX?LW?ODERUDW?UQHY\EDYHQLHD FKHPLN?OLH 
3.1.1 /DERUDW?UQHY\EDYHQLH 
? LaboUDW?UQH VNOR ? RGPHUQ? EDQN\  ml, 100 ml, kDGL?N\  PO VNOHQHQ? YLDON\ 
20 ml 
? 6NOHQHQ?SLSHW\? 1 ml, 2 ml 
? Mikropipety ? Hamilton 1 ml, Finnpipette 5 ml 
? 0LNURVN?PDYN\? Epenndorf 
? 9\KULHYDF?EORN? Evaterm ? spec 
? &KODGQL?NDAriston 
? 6X?LDUHĖ9HQWLFHOO?5 
? 7ODNRY?IĐD?H? N2 ?LVWRWD+H?LVWRWD+2 ?LVWRWDY]GXFK?LVWRWD 
? 630(YO?NQD? DVB/CAR/PDMS, CAR/PDMS, PDMS, PEG 
? PlynRY?FKURPDWRJUDI7UDFH*&8OWUD-Thermo Electron Corporation 
? FPD detektor 
3.1.2 &KHPLN?OLH 
? 'HVWLORYDQ?YRGD 
? Ethanol pre UV, min 96 %, CAS [64-17-5], Mr 46,07, Chemika 
? Karbon disulfid (CS2)?% (GC), CAS [75-15-0], Mr 76,14, d 1,263, FLUKA 
? 'LPHWK\OVXOILG'06?*&&$6>-18-3], Mr 62,13, d 0,846, FLUKA 
? 3-Methylthiofen (3MeThPh), 98 %, CAS [616-44-4], Mr 98,17, d 1,016, FLUKA 
? Dimethyldisulfid (DMDS), 99 %, CAS [624-92-0], Mr 94,2, d 1,062, ALDRICH 
? 2-Methyl-1-buthanthiol (2MeBuSH), 95 %, CAS [1878-18-8], Mr 104,22, d 0,848, 
SAFC 
? Ethylthioacetat (EtSAc), 95 %, CAS [625-60-5], Mr 104,17, d 0,979, SAFC 
? Diethyldisulfid (DEDS), 99 %, CAS[110-81-6], Mr 122,25, d 0,993, ALDRICH 
? &KORULGVRGQ?(NaCl), CAS [7647-14-5], Mr 58,44, Chemika [36] 
 
3.2 Vzorky sladu, sladiny a piva 




9]RUN\ VODGLQ\ EROL Y\UREHQ? ] 5 RGU?G MD?PHĖD (Jersey, Malz, Bojos, Sebastian 











&LHĐRP WHMWR SU?FH EROR RSWLPDOL]RYDĢ VWDQRYHQ? DURPDWLFN? V?UQH O?WN\ Y pive a slade 
PHW?GRX 630(*& D VOHGRYDQLH MHGQRWOLY?FK V?UQ\FK O?WRN Y SULHEHKX Y?URE\ SLYD          
Pre sledovanie a NYDQWLILN?FLXEROLY\EUDQ?QDVOHGXM?FHV?UQHO?WN\ 







3.4 PU?SUDYa vzoriek 
3.4.1 3U?SUDYD?WDQGDUGRYSUFKDY?FKV?UQ\FKO?WRN 
?WDQGDUG\SUFKDY?FKV?UQ\FKO?WRNEROLRGREUDQ?VNOHQHQRXPLNURVWULHND?NRXD SUHYHGHQ?
do 25 PO RGPHUQ?FK EDQLHN 2EMHP ERO GRSOQHQ? 6 % ethanolom po rysku. Potom bol 
SULSUDYHQ? zmesQ? ?WDQGDUG NGH VD NRQFHQWU?FLH SRK\ERYDOL pre CS2 0,96 ?JO  pre DMS     
7 ?JOpre 3-MeThPh 0,42 ?JOpre DMDS 0,44 ?JOpre 2-MeBuSH 2,44 ?JOpre EtSAc 
38,18 ?JOD pre DEDS 0,28 ?JO. BanNDERODGRSOQHQ? % roztokom ethanolu po rysku.  
Zo zmesQ?KR?WDQGDUGXsa SULSUDYLODNDOLEUD?Q?UDGD?WDQGDUGRYSRVWXSQ?P]ULHćRYDQ?P
a GRSOQHQ?PGR ml 5 % roztoku ethanolu. Nakoniec sa pridal 1 g chloridu sodn?KR. Vialka 
sa hermeticky uzatvorila a preG DQDO?]RX EROD WHPSHURYDQ?   min pri 40 ?&                    
3UH]DNRQFHQWURYDQLHV?UQ\FKO?WRNERODY\X?LW?PHW?GDSPME. 
3.4.2 Slad 
=UQ?VODGXVDQDMVN?U]R?URWXM?QDODERUDW?UQRPPO\Q?HNX1DY??LVD5 g sladRY?KR?URWX, 
NXNWRU?PXVDSULG?50 ml destilovanej vody a H[WUDKXMHVDQDWUHSD?NH15 PLQ?W9]RUN\VD
daM? VFKODGLĢ GR FKODGQL?N\ QD  PLQ?W 3RWRP VD SUHYHG? GR FHQWULIXJD?QHM VN?PDYN\
a odstredia sa (15 min/6500 ot/min pri 5 ?&Do 20 ml vialky sa odoberie 1 ml supernatanu  
a SULG?VD9 ml destilovanej vodySULG?sa FKORULGVRGQ?KHUPHWLFN\VDX]DWYRU?D SRNUD?XMH
sa ako pri zmesnRP?WDQGDUGH 
3.4.3 Sladina 
SODGLQDVDVFKODG?QD ?&DE\VD]DPHG]LOR?QLNXV?UQ\FKO?WRN3RWRPVDRGREHULH ml 
vzorky a SRNUD?XMHVDURYQDNRDNRSULY]RUN?ch sladu. 
3.4.4 Pivo 










630( MH EH]UR]S??ĢDFLD WHFKQLND ]DNRQFHQWURYDQLD DQDO\WRY 0HW?GD MH ]DOR?HQ?           
na VRUSFLL DQDO\WX PDO?P PQR?VWYRP H[WUDN?QHM I?]\ QD SRYUFKX NUHPHQQ?KR YO?NQD
$QDO\W\VDVRUEXM?GRGRVLDKQXWLDURYQRY??QHKRVWDYX 
3UL SRX??YDQ? 630( WHFKQLN\ PQR?VWYR H[WUDKRYDQ?KR DQDO\WX ]?YLV? RG PQRK?FK
faktorov napr. polarita a KU?ENa YO?NQD VS?Vob vzorkovania, H[WUDN?Q? ?DV ?L NRQFHQWU?FLa 
DQDO\WX??LQQRVĢH[WUDNFLHVDG?]Y??LĢ WLH? WHSORWRXSU?GDYNRPVROLGRY]RUN\PLH?DQ?P




H[WUDKXM? YO?NQDPL V QHSRO?UQ\P SRYUFKRP DNR MH QDSU SRO\GLPHWK\OVLOR[DQ 3'06
a SRO?UQH DQDO\W\ IHQRO\ DONRKRO\ V? OHS?LH H[WUDKRYDQ?SRO?UQ\PLYO?Nnami ako je napr. 
SRO\DNU\O?W 3$ 1D VWDQRYHQLH SUFKDY?FK DURPDWLFN?FK O?WRN VD SRX??YDM? YO?NQD             
VR VLOQHM?RX YUVWYRX SUHWR?H PDM? Y\??LX VRUS?Q? NDSDFLWX 5R]R]Q?YDPH WLH? ]PLH?DQ?
YO?NQDNWRU?REVDKXM?GLY\QLOEHQ]HQ'%9DOHER&DUER[HQ(CAR).  
1D DQDO?]X SUFKDY?FK V?UQ\FK O?WRN P??X E\Ģ SRX?LW? YO?NQD NWRU? V? XYHGHQ?




Extrakcia 25 min, pri 40 ?&









5 min 25 min 
9O?NQR ȝP'9%&$53'06
extrakcia 40 ?& 
10 min 30 min 
15 min 35 min 
20 min 40 min 
3.5.3 9RĐEDWHSORW\H[WUDNFLH 
3UL ]Y\?RYDQ? H[WUDN?QHM WHSORW\ GRFK?G]D N ]Y??HQLX GLI?]LH DQDO\WX VPHURP N YO?NQX 
DOH]?URYHĖVD DM ] YO?NQDXYRĐĖXMH]DFK\WHQ?DQDO\W0HG]L W?PLWRGYRPDSURFHVPLQLH MH






Tab. ?4: Teplota extrakcie 
9RĐEDH[WUDN?QHMWHSORW\ Podmienky 
30 ?& 50 ?& 
9O?NQR ȝP'9%&AR/PDMS, 
extrakcia 25 min 
35 ?& 60 ?& 
40 ?& 70 ?& 
45 ?& 80 ?& 
3.6 2SWLPDOL]?FLDVHSDUD?Q?FKSRGPLHQRN 
Jednou z KODYQ?FK ?ORK FKURPDWRJUDILFNHM DQDO?]\ MH UR]GHOHQLH ]OR?LHN Y]RUN\           
v ?R QDMNUDW?RP ?DVH . VSOQHQLX WRKWR FLHĐD VD KĐDGDM? RSWLP?OQH SUDFRYQ? SRGPLHQN\
6HSDU?FLD ]OR?LHN MH RYSO\YQHQ? KODYQH WHSORWRX VHSDU?FLH VHOHNWLYLWRX VWDFLRQ?UQHM I?]\




7\SVWDFLRQ?UQHM I?]\ MHQDM?DVWHM??PSUREO?PRPSULY?EHUHNRO?Q\3RODULWD I?]\ XU?XMH









9?UREFD J&W Scientific 
1?]RY GS-GasPro 
Rozmery GĎ?ND PYQ?WRUQ?SULHPHU mm 
7HSORWQ?OLPLW Od -80 ?&GR ?& ?& 
3.6.2 3RGPLHQN\*&DQDO?]\ 
.X VWDQRYHQLX SUFKDY?FK V?UQ\FK O?WRN Y slade, sladine a SLYH ERO SRX?LW? SO\QRY?
chromatograf Trace GC Ultra s )3'GHWHNWRURP2SWLPDOL]RYDQ?PLSDUDPHWUDPLPHW?G\EROL











Tab. ?6: Podmienky GC/FPD 
7HSORWQ?SURJUDP  ?&PLQ ?& min 
=D?LDWR?Q?WHSORWD - 50 3 
Rampa 3 240 20 
3ULHWRNPRELOQHMI?]\ .RQ?WDQWQ?SULHWRNPOPLQ 
PTV Injektor Teplota ?& 
Split tok 50 ml/min 
6SOLWOHVV?DV 3 min 
FPD detektor 7HSORWD]?NODGQHMdosky ?& 
Teplota detektoru ?& 
Prietok plynov ml/min 
Vzduch 105 
H2 90 
Makeup (N2) 20 
3.7 9DOLG?FLDPHW?G\ 
9DOLG?FLD DQDO\WLFN?FK PHW?G VO??L N RYHURYDQLX YKRGQRVWL VSU?YQRVWL D VSRĐDKOLYRVWL
Y\SUDFRYDQHMPHW?G\3RX??YDVDY?G\SULYDOLG?FL? QRYHMPHW?G\DOHERNRQWUROHVS?VRELORVWL
V\VW?PX NGH VD XU?XM? DGHNY?WQH NULW?ULD SUH SDUDPHWUH DNR V? QDSU  SUHVQRVĢ OLQHDULWD
a SRG3RWRPVDMHGQRWOLY?SDUDPHWUHY\KRGQRWLD&LHĐRPYDOLG?FLHMHSUHXN?]DĢ?HPHW?GD
MHYKRGQ? k GDQ?PXSRX?LWLX 
ParamHWUH YDOLG?FLH EROL VWDQRYHQ? SRPRFRX VRIWZDUX (IIL9DOLGDWLRQ  SUL W?FKWR
parametroch: 




3.7.1 Medza detekcie a PHG]DVWDQRYLWHĐQRVWL 
Medza detekcie (LOD) LQGLYLGX?OQHKRDQDO\WLFN?KRSRVWXSX VDYRY?HREHFQRVWL UR]XPLH
DNRQDMQL??LHPQR?VWYRDQDO\WXYRY]RUNHNWRU?VPHVFKRSQ?GHWHNRYDĢDOHNWRU?QLHMHQXWQH
NYDQWLILNRYDĢDNRH[DNWQ?KRGQRWX 
0HG]D VWDQRYLWHĐQRVWL /24 LQGLYLGX?OQHKR DQDO\WLFN?KR SRVWXSu rozumieme              
DNRQDMQL??LHPQR?VWYRDQDO\WXYRY]RUNHNWRU?VPHVFKRSQ?VWDQRYLĢDNRH[DNWQ?KRGQRWX       
VRVWDQRYHQRXSUHVQRVĢRX 










/LQHDULWD NDOLEUD?Q?KR Y]ĢDKX MH ]LVĢRYDQ? DQDO?]RX Y]RULHN V NRQFHQWU?FLDPL DQDO\WX
NWRU? SRNU?YDM? GHNODURYDQ? UR]VDK PHW?G\ 9?VOHGN\ V? SRX?LW? SUH Y?SR?HW UHJUHVQHM
SULDPN\PHW?GRXQDMPHQ??FK?WYRUFRY-HY?KRGQ?DN MHPHW?GD OLQH?UQDY celom rozsahu, 
DOHQLH MH WRDEVROXWQ?SR?LDGDYND7DPNGH MHSUHXU?LW? SRVWXS OLQHDULWDQHGRVLDKQXWHĐQ?
PDOE\E\ĢSUHNRQ?WUXNFLXNDOLEUD?QHMIXQNFLHVWDQRYHQ?YKRGQ?Y?SR?WRY?DOJRULWPXV 
LinearitDNDOLEUD?Q?FKNULYLHNSUH MHGQRWOLY??WDQGDUG\EROD WHVWRYDQ?SRPRFRXVRIWZDUX
(IIL9DOLGDWLRQ  QD ]?NODGH NRUHOD?Q?KR NRHILFLHQWX 7HQWR NRHILFLHQW ERO Y\SR??WDQ?
z NDOLEUD?QHM NULYN\ D SRURYQDQ? V hodnotou v SURJUDPH 3UH NRUHOD?Q? NRHILFLHQW WR EROD
hodnota 0,99 a SULMHMGRVLDKQXW?DOHERSUHNUR?HQ?MHSRYD?RYDQ?]DG?ND]R linearite. 
3.7.3 2SDNRYDWHĐQRVĢ 
2SDNRYDWHĐQRVĢMHPLHUDWHVQRVWL]KRG\PHG]LY]?MRPQHQH]?YLVO?PLY?VOHGNDPLVN??RN
URYQDNRX PHW?GRX QD LGHQWLFNRP VN??DQRP PDWHUL?O\ YWRP LVWRP ODERUDW?ULX W?P LVW?P
SUDFRYQ?NRP]DSRX?LWLDW?FKLVW?FKSU?VWURMRYD ]DULDGHQ?Y NU?WNRP?DVRYRPLQWHUYDOH 
2SDNRYDWHĐQRVĢERODVWDQRYHQ?SRGĐDVRIWZDUX(IIL9DOLGDWLRQSUHQLHNRĐNRURYQDN?FK
?WDQGDUGRY.  
3.7.4 Neistoty merania 
1HLVWRWDPHUDQLDMHSDUDPHWHUV?YLViaci s Y?VOHGNRPPHUDQLDNWRU?FKDUDNWHUL]XMHUR]SW\O
KRGQ?W NWRU? E\ PRKOL E\Ģ SULVXG]RYDQ? PHUDQHM YHOL?LQH 7?PWR SDUDPHWURP P??H E\Ģ
QDSUVPHURGDWQ?RGFK?OND 
1HLVWRWD PHUDQLD P? YR Y?HREHFQRVWL YLDF ]OR?LHN 1LHNWRU? ] W?FKWR ]OR?LHNP??X E\Ģ
odhadQXW?QD]?NODGH?WDWLVWLFN?KRUR]GHOHQLDY?VOHGNRYV?ULHPHUDQLDD P??XE\ĢY\MDGUHQ?
Y?EHURY?PL  VPHURGDWQ?PL RGFK?ONDPL2GKDG\ RVWDWQ?FK ]OR?LHNP??X E\Ģ ]DOR?HQ? LED   
QDVN?VHQRVWLDFKDOHERLQ?FKLQIRUP?FL?FK [38]. 





















4 9?6/('.<$ DISKUSIE 
9]RUN\ MHGQRWOLY?FK VODGRY sODG?Q D S?Y EROL SULSUDYHQ? SRGĐD SUHGFK?G]DM?FLFK
SUDFRYQ?FKSRVWXSRYD SR]DNRQFHQWURYDQ?DQDO\]RYDQ?SRPRFRXSO\QRY?KRFKURPDWRJUDIX
s )3' GHWHNWRURP ,GHQWLILN?FLD Y\EUDQ?FK Y]RULHN EROD SRPRFRX  ?WDQGDUGRY                     
DNYDQWLILN?FLDERODY\NRQDQ?SRPRFRXNDOLEUD?QHMNULYN\ 
4.1 2SWLPDOL]?FLDH[SHULPHQW?OQ\FKSRGPLHQRN 
Najsk?U EROR SRWUHEQ? XU?LĢ QDMYKRGQHM?LH SRGPLHQN\ SUH H[WUDNFLX SUFKDY?FK V?UQ\FK
O?WRN D LFK ]DNRQFHQWURYDQLH ??LQQRVĢ H[WUDNFLH EROD XU?HQ? SRGĐD YHĐNRVWL S?NX D SRGĐD
SR?WXVHSDURYDQ?FKS?NRYQDFKURPDWRJUDIH %ROLRSWLPDOL]RYDQ?630(YO?NQD?DVD doba 
H[WUDNFLH1DDQDO?]XEROL WLH?d?OH?LW?FKURPDWRJUDILFN?SRGPLHQN\%ROSRX?LW?MHGHQW\S
NRO?Q\ ? GS GasPro (60 P 9?VOHGN\ RSWLPDOL]?FLH H[SHULPHQW?OQ\FK SRGPLHQRN V?
uveden?Y QDVOHGXM?FLFKJUDIRFK 
4.1.1 9RĐEDW\SX630(YO?NQD 
9RĐED W\SX YO?NQD GRVĢ RYSO\YĖXMH VHOHNWLYLWX D ??LQQRVĢ H[WUDNFLH D WLH?
UHSURGXNRYDWHĐQRVĢ Y?VOHGNRY Boli WHVWRYDQ?  W\S\ YO?NLHQ: 100 ȝP 3'06  ȝP
CAR/PDMS, 50/30 ȝP '9%&$53'06 D 60 ȝP 3(* SRO\HWK\OHQJO\NRO 9?VOHGN\ V?
]D]QDPHQDQ?Y JUDIH?NGHMHPR?Q?YLGLHĢMHGQRWOLY? ?WDQGDUGy SULSRX?LW?U?znych typov 
YO?NLHQ '9%&$53'06 VD MDY? DNR QDMOHS?LD YRĐED YO?NQD SUHWR?H Y?HWN\ ?WDQGDUG\





















?DV H[WUDNFLH MH WLH? YHĐPL G?OH?LW?P IDNWRURP NWRU? RYSO\YĖXMH SURFHV 630( 
$EVRUE?Q?SURILO\MHGQRWOLY?FKDQDO\WRYEROLVOHGRYDQ?SULU?]Q\FK?DVRY25, 






ĆDO??P G?OH?LW?P IDNWRURP MH WHSORWD H[WUDNFLH 5DVW?FD WHSORWD XU?FKĐXMH SURFHV
H[WUDNFLHSUL?RPDOHGRFK?G]DN ]QL?RYDQLXNRQFHQWU?FL?MHGQRWOLY?FKanalytov. V WHMWRSU?FL





































1DDQDO?]XSUFKDY?FKV?UQ\FK O?WRNERODSRX?LW?NDSLO?UQDNRO?QD*6*DV3UR m, kde 
GR?ORN YLGLWHĐQ?PXUR]O??HQLX MHGQRWOLY?FKDQDO\WRY7LH?ERODY\VN??DQ?NDSLO?UQDNRO?QD
GS GasPro 30 P DOH Y]KĐDGRP N EO?]N\P UHWHQ?Q?P ?DVRP QLHNWRU?FK DQDO\WRY GR?OR
k SUHNU?YDQLXS?NRY. 
4.2 9DOLG?FLDPHW?G\ 
ValidovaQ? SDUDPHWUH EROL Y\KRGQRWHQ? SRPRFRX VRIWZDURY?KR SURJUDPX
EffiValidation  /LQHDULWD NDOLEUD?QHM NULYN\ EROD WLH? SRWYUGHQ? YLć JUDI\  ? 10). Pre 








LOD (?g/l) Analyt 
CS2 11,35 0,01 0,005 
DMS 12,84 0,005 0,0025 
3MeThPh 8,07 0,001 0,0005 
DMDS 7,92 0,01 0,005 
2MeBuTh 13,45 0,05 0,025 
EtSAc 8,03 0,05 0,025 


























Vzorky sladu, sladiny a SLYDEROL]DNRQFHQWURYDQ?SRPRFRXPHW?G\SPME a DQDO\]RYDQ?
na plynovom chromatografe s FPD detektorom. 
3UHLGHQWLILN?FLXD NYDQWLILN?FLXEROLSRX?LW??WDQGDUG\DQDO\WRY 
4.3.1 ?WDQGDUG\D NDOLEU?FLD 
=R  ?WDQGDUGRY ERO SULSUDYHQ? ]PHVQ? ?WDQGDUG NWRU?FK NRQFHQWU?FLH VD SRK\ERYDOL    
pre CS2 0,96 ȝJO'06 ȝJO 0eThPh 0,42 ȝJO'0'6 ȝJO 0eBuSH 2,44 ȝJO
EtSAc 38,18 ȝJOD DEDS 0,28 ȝJO=R]PHVQ?KR?WDQGDUGXEROLY\WYRUHQ?NDOLEUD?Q?NULYN\
SUHND?N?DQDO\W]YO??ĢYLćJUDI\? NWRU?VO??LOLQDNYDQWLILN?FLXDQDO\WRY.DOLEUD?Q?
NULYN\ Y\FK?G]DM? Y H[SRQHQFL?OQRP WYDUH DOH SUH VWDQRYHQLH OLQHDULW\ EROL SUHYHGHQ?         
do liQH?UQHMIRUP\.RQFHQWU?FLHY]RULHNVODGXEROLSR??WDQ?YȝJNJD NRQFHQWU?FLHY]RULHN




































































































































































V ?SHFL?OQ\FK Y]RUN?FK VODGX YL] WDE EROL DQDO\]RYDQ? SUFKDY? V?UQH O?WN\PHW?GRX
630(*& 9R Y]RUN?FK ERO VWDQRYHQ? OHQ GLPHWK\OVXOILG NWRU? ERO Y\SR??WDQ? SRPRFRX
softwaru ChromCard 2.4.0 z NDOLEUD?QHMNULYN\YL]JUDI?8N??NDFKURPDWXJUDPXY]RUN\
sladu je v SU?ORKH 
Tab. ?8: Obsah DMS v r?znych sladoch 
2GURG\MD?PHĖD




z NWRU?FKbol Y\UREHQ?VODG 
DMS 
ȝJNJ 
1 Wikingett 21,735 11 Maltasia 110,95 
2 Troon 113,68 12 Lissane 12,76 
3 Cruiser 58,26 13 Musikant 11,22 
4 Bellevue 16,68 14 Xanadu 23,23 
5 Biatlon 13,27 15 Jersey 131,68 
6 Mauritia 145,07 16 Malvaz 70,43 
7 Ebson 40,59 17 Binder 72,68 
8 Westminster 7,1 18 7HSHOVN? 91,55 
9 Publican 11,8 19 5DWERĜVN? 82,89 
10 Marthe 13,74    
*UDI?.11 : Obsah DMS v sladoch 
 
V JUDIH?MH]Q?]RUQHQ?REVDK'06Y MHGQRWOLY?FKVODGRFK0QR?VWYR'06v sladoch 






















9RY]RUN?FK VODGLQ\ EROL DQDO\]RYDQ? SUFKDY? V?UQH O?WN\ SRPRFRXPHW?G\ 630(*& 
%RO LGHQWLILNRYDQ? OHQ '06 NWRU? VD Y\SR??WDl pomocou softwaru ChromCard 2.4.0 
z NDOLEUD?QHMNULYN\YL]JUDI?8N??NDFKURPDWogramu vzorky sladu je v SU?ORKH 
%ROR DQDO\]RYDQ?FK  Y]RULHN VODGLQ\, z WRKR ND?G? GYH Y]RUN\ SRFK?G]DOL ] MHGQ?KR
GUXKXVODGX5R]GLHOPHG]LQLPLEROWHQ?HMHGQDY]RUNDVDSRPOHODQD?URWD GUXK?QDP?NX
a EROLSR]RURYDQ?UR]GLHO\PQR?VWYD'06NWRU?V?]D]QDPHQDQ?Y tab.9 a JUDIH?.12. 








































Z JUDIX ? MH YLGLHĢ UR]GLHOPHG]L VODGLQDPL UPXWRYDQ?FK ]R ?URWX D z P?N\ 6ODGLQD




3UFKDY? V?UQH O?WN\ P??X SRFK?G]DĢ ]R ]?NODGQ?FK VXURY?Q DOH DM Y]QLNDM? SR?DV
NWRUHMNRĐYHNY?UREQHMI?]\pivovDUQ?FNHKRSURFHVX1DM?DVWHM?LHV?WYRUHQ?SR?DV kvasenia, 
ale aj v SURFHVRFKS?VRELDFLFKSULVWDUQXW?D VNODGRYDQ?SLYD 
9R Y]RUN?FK S?Y EROL DQDO\]RYDQ? SUFKDY? V?UQH O?WN\ SRPRFRX PHW?G\ 630(*&
0QR?VWYR LGHQWLILNRYDQ?FK O?WRN EROR Y\SR??WDQ? SRPRFRX softwaru ChromCard 2.4.0 
z NDOLEUD?Q?FKNULYLHN8N??NDFKURPDWXJUDPXY]RUN\SLYD je v SU?ORKH 





v tab. 10 a JUDIH?%ROL LGHQWLILNRYDQ?&62, DMS, 3MeThPh a '('6RVWDWQ? O?WN\EROL
SRGPHG]RXVWDQRYLWHĐQRVWL 
0QR?VWYR '06 Y SLY?FK MH QDMY\??LH SUHWR?H QHSULFK?G]D OHQ ]R ]?NODGQHM VXURYLQ\
VODGDOHWYRU?VDDMY priebehu kvasenia z GLPHWK\OVXOIR[LGX0QR?VWYR0H7K3KD DEDS 
VD SRK\EXMH QD SULEOL?QH QD URYQDNHM ?URYQL 0QR?VWYR VLURXKO?NX MH QDMPHQHM z W?FKWR          
V?UQ\FKO?WRNMHWHVQHQDGPHG]RXVWDQRYLWHĐQRVWL 
Tab. ?10: Obsah V?UQ\FKO?WRNYRVYHWO?FKY??DSQ?FKSLY?FK 







CS2 (?g/l) 0,02 0,02 0,03 0,04 0,03 0,05 
DMS (?g/l) 1,45 1,34 0,85 1,05 1,28 1,42 
3MeThPh (?g/l) 0,1 0,15 0,11 0,16 0,14 0,12 
DMDS (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 
2MeBuSH (?g/l) < 0,05 < 0,05 < 0,05 < 0,05 < 0,05 < 0,05 
DEDS (?g/l) 0,08 0,2 0,18 0,15 0,14 0,19 
















%ROR DQDO\]RYDQ?FK  GUXKRY VYHWO?FK OH?LDNRY NWRU?FK Y?VOHGN\ V? ]D]QDPHQDQ?
v tab. 11 a JUDIH ? %ROL LGHQWLILNRYDQ? OHQ GYH O?WN\'06 D '('62VWDWQ? V?UQH O?WN\
boli SRGPHG]RXVWDQRYLWHĐQRVWL 
Tab. ?11: Obsah V?UQ\FKO?WRNYRVYHWO?FKOH?iakoch 







CS2 (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 
DMS (?g/l) 0,35 0,29 0,67 0,59 0,65 0,63 
3MeThPh (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 
DMDS (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 
2MeBuSH (?g/l) < 0,05 < 0,05 < 0,05 < 0,05 < 0,05 < 0,05 
DEDS (?g/l) 0,23 0,19 0,05 0,25 0,18 0,23 

































%ROR DQDO\]RYDQ?FK  GUXKRY ?LHUQ\FK S?Y NWRU?FK Y?VOHGN\ V? ]D]QDPHQDQ? Y tab.12 
a JUDIH?%ROLLGHQWLILNRYDQ?O?WN\&62, DMS, 3MeThPh a  '('62VWDWQ?V?UQHO?WN\
boli pod medzou VWDQRYLWHĐQRVWL 
Tab. ?122EVDKV?UQ\FKO?WRNY ?LHUQ\FKSLY?FK 





CS2 (?g/l) 0,05 < 0,01 < 0,01 < 0,01 
DMS (?g/l) 1,05 0, 9 1,29 1,22 
3MeThPh (?g/l) < 0,01 0,18 < 0,01 < 0,01 
DMDS (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 
2MeBuSH (?g/l) < 0,05 < 0,05 < 0,05 < 0,05 
DEDS (?g/l) 0,12 0,19 0,15 0,16 
EtSAc (?g/l) < 0,01 < 0,01 < 0,01 < 0,01 
 
Vo v?HWN?FKSLY?FKEROVWDQRYHQ?'06D DEDS. V SLYH]QD?N\9HONRSRSRYLFN?.R]HO




























SRGPHG]RX VWDQRYLWHĐQRVWL %RO LGHQWLILNRYDQ? OHQ'06 Y pive Bernard Free a 3MeThPh 
v SLYH6WDURSUDPHĖYL]WDE13JUDI?16 ).  
7R ?H SUFKDY? V?UQH O?WN\ VD Y QHDONRKROLFNRP SLYH QHQDFK?G]DM? DOHER OHQ                    
YR Y?QLPR?Q?FK VLWX?FL?ch MH YSO\YRP RGVWU?QHQLD DONRKROX ] SLYD Y?NXRY? GHVWLO?FLD
SUL?RPY SULHEHKXWRKWRSURFHVXV?RGREUDW?DMSUFKDY?O?WN\] piva [5]. 
Tab. ?132EVDKV?UQ\FKO?WRNY QHDONRKROLFN?FKSLY?FK 
Analyt  Bernard Free Staropramen Radegast 
Birell 
CS2 (?g/l) < 0,01 < 0,01 < 0,01 
DMS (?g/l) 1 < 0,005 < 0,005 
3MeThPh (?g/l) < 0,01 0,18 < 0,01 
DMDS (?g/l) < 0,01 < 0,01 < 0,01 
2MeBuSH (?g/l) < 0,05 < 0,05 < 0,05 
DEDS (?g/l) < 0,01 < 0,01 < 0,01 















































































V JUDIH ?  MH ]Q?]RUQHQ? REVDK '06 YR Y?HWN?FK DQDO\]RYDQ?FK SLY?FK 1DMY\??LH
PQR?VWYR'06 MH YR VYHWO?FK Y??DSQ?FK SLY?FK SRWRP Y ?LHUQRP D nealkoholickom pive 
a QDMQL??LH PQR?VWYR '06 MH REVLDKQXW? Y VYHWO?FK OH?LDNRFK 7?P P??HPH SRYHGDĢ         












































7?WRGLSORPRY?SU?FD VD ]DREHU?RSWLPDOL]?FLRXPHW?G\630(SUL VWDQRYHQ?SUFKDY?FK
V?UQ\FK O?WRNY slade a SLYH3U?FDQDGY?]XMHQDSUHGFK?G]DM?FXEDNDO?UVNXSU?FXNGHEROD
UR]S?VDQ? SUREOHPDWLND ]PLHQ REVDKX V?UQ\FK O?WRN Y pive a VXURYLQ?FK OHQ ] teoretLFN?KR
KĐDGLVND 
&HONRPERORDQDO\]RYDQ?FKvzoriek sladov, 10 vzoriek VODG?QD 19 vzoriek S?Y 
V WHRUHWLFNHM?DVWL MHUR]S?VDQ?D UR]??UHQ?SUREOHPDWLNDV?UQ\FKO?WRND ich metabolizmu. 
7LHWRO?WN\PDM?QH]DQHGEDWHĐQ??ORKXY senzorike akosti piva, preWR?HDMYRYHĐPLPDO?FK
NRQFHQWU?FL?FK P??X QHJDW?YQH RYSO\YQLĢ FKXĢ SLYD 6?UQH O?WN\ V? SULURG]HQRX V??DVĢRX
piva a VODGX NGH VD GRVW?YDM? ] Y?FKRG]?FK PDWHUL?ORY DOHER Y]QLNDM? FKHPLFNRX ?L
HQ]\PDWLFNRXV\QW?]RXY MHGQRWOLY?FKHWDS?FKSURFHVXY?URE\3UHLOXVWU?FLXY]QLNXV?UQ\FK
O?WRNY pive a VODGHV?Y SU?FLUR]S?VDQ?PHWDEROL]P\ QDM?DVWHM??FKY\VN\WXM?FLFKVDV?UQ\FK
O?WRNDNRMHGLPHWK\OVXOILGSRO\VXOILG\?LGHULY?W\DON\OWKLR 
ĆDOHM V? Y WHMWR ?DVWL UR]S?VDQ? DQDO\WLFN? PHW?G\ D H[WUDN?Q? WHFKQLN\ RG VWDU??FK           
D?SRQDMQRY?LHPR?QRVWLVWDQRYHQLDSUFKDY?FKV?UQ\FKO?WRN 
V H[SHULPHQW?OQHM ?DVWL V? UR]S?VDQ? SU?SUDY\ ?WDQGDUGRY D vzoriek, podmienky celej 
DQDO?]\ YU?WDQH RSWLPDOL]?FLH H[WUDN?QHM WHFKQLN\ 630( D VHSDU?FLH DQDO\WRY SRPRFRX
plynovej chromatografie s )3' GHWHNWRURP 2SWLPDOL]?FLD 630( ]DKUĖXMH RSWLPDOL]?FLX      
4 typov YO?Nien (PDMS, CAR/PDMS, DVB/CAR/PDMS, PEG RSWLPDOL]?FLX H[WUDN?QHM
doby (5-40 min v 5-PLQ?WRY?FKLQWHUYDORFKa H[WUDN?QHMWHSORW\ (30, 35, 40, 45, 50, 60, 70, 
80 ?& 1D ]?NODGH H[SHULPHQW?OQHKR RYHUHQLD EROL SRX?LW? WLHWR H[WUDN?Q? SRGPLHQN\
YO?NQR  ?P'9%&$53'06 ?DV H[WUDNFLH  min a teplota extrakcie 40 ?&  Bolo 
SRX?LW?FK  ?WDQGDUGRY (VLURXKO?N, dimethyldisulfid, 3-methylthiofen, dimethyldisulfid,         
2-methylbuthanthiol, ethylthioacetat a diethyldisulfid NWRU? VO??LOL QD LGHQWLILN?FLX
a NYDQWLILN?FLX W?FKWR DQDO\WRY YR vzorke.  Z YLDFHU?FK  URYQDN?FK ?WDQGDUGRY EROL
Y\SR??WDQ? YDOLGD?Q? SDUDPHWUH DNR V? UR]??UHQ? NRPELQRYDQ? neistota, medza 
VWDQRYLWHĐQRVWLPHG]DGHWHNFLHD linearita. 
3UL DQDO?]H Y]RULHN VODGX EROD LGHQWLILNRYDQ? OHQ MHGQD V?UQD O?WND D to dimethylsulfid, 
NWRU? Y]QLN? SR?DV NO??HQLD MD?PHĖD z S-methyl-methioninu a potom v QHVNRU?HM I?]H 
Y?UREQ?KR SURFHVX SR?DV IHUPHQW?FLH ] dimethylsulfoxidu2VWDWQ? V?UQH O?WN\ VD Y\WY?UDM? 
D?SR?DV IHUPHQW?FL? 
3UL DQDO?]H Y]RULHN VODGLQ\ ERO WLH? LGHQWLILNRYDQ? OHQ GLPHWK\OVXOILG D to v PHQ?RP
PQR?VWYH SUHWR?H YHĐN? ?DVĢ GLPHWK\OVXOILGX VD SUL YDUHQ? VODGLQ\ Y\SDUXMH %ROL WLH?
SRURYQ?YDQ? VODGLQ\XYDUHQ?] SRPOHW?KRVODGXQD?URWDOHERP?NXNGHERO ]LVWHQ?UR]GLHO
PQR?VWYD GLPHWK\OVXOILGX 3UL MHPQHM?RPSRPOHW? VODGXP? GLPHWK\OVXOILG Y\??LXPR?QRVĢ 
XYRĐQHQLDVD 
3UL DQDO?]H Y]RULHN S?Y EROR VWDQRYHQ?FK YLDFHUR V?UQ\FK O?WRN QD ?R P? YSO\Y KODYQH
PHWDEROL]PXV NYDVLQLHN 9R Y??DSQRP VYHWORP D WPDYRP SLYH EROL LGHQWLILNRYDQ?  V?UQH
O?WN\ D WR VLURXKO?N GLPHWK\OVXOILG -methylthiofen a GLHWK\OGLVXOILG 2VWDWQ? O?WNy boli     
SRG PHG]RX VWDQRYLWHĐQRVWL 9 VYHWO?FK OH?LDNRFK EROL LGHQWLILNRYDQ? OHQ GLPHWK\OVXOILG
a diethyldisulfid a v QHDONRKROLFNRP SLYH ERO LGHQWLILNRYDQ? OHQ GLPHWK\OVXOILG Y pive 
Bernard Free a 3-methylthiofen v SLYH6WDURSUDPHQ2VWDWQ?V?UQH O?WN\ boli pravdepodobne 






dimethylsulfidu sa nach?G]D v VYHWO?FKY??DSQ?FKSLY?FKSRWRP?LHUQ\FKD QHDONRKROLFN?FK
SLY?FKD QDMPHQ?LHPQR?VWYRGLPHWK\OVXOILGX MHREVLDKQXW?Y VYHWO?FK OH?LDNRFK0QR?VWYR
GLPHWK\OVXOILGX YR ILQ?OQRP Y?URENX ]?YLV? RG WHFKQRORJLFN?KR SURFHVX Y?URE\ SLYD         
DOHDMRGPQR?VWYRSU?WRPQ?FKSUHNXU]RURY v slade. 
$M NHć W?WR PHW?GD MH YKRGQ? SUH VN?PDQLH SUFKDY?FK V?UQ\FK O?WRN WDN by som 
doporX?RYDOD MHM ćDO?LX optimaliz?FLX QDSU?NODG Y\VN??DQLH PHW?Gy YQ?WRUQ?KR ?WDQGDUGX
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7 ZOZNAM PO8?,7?&+SKRATIEK A SYMBOLOV 
SPME   Solid phase microextraction PLNURH[WUDNFLDWXKRXI?]RX 
GC   3O\QRY?FKURPDWRJUDILD 
ATP   $GHQRVLQWULIRVI?W 
APS   Adenosil-5-IRVIRVXOI?W 
PAPS   Adenosil-3-IRVIRVXOI?W 
SO2   2[LGVLUL?LW? 
H2S   SLURYRG?N 
CH3SH  Methanthiol 
CH3CH2SH  Ethanthiol 
DMS   Dimethylsulfid 
SMM   S-methyl-PHWKLRQ?Q 
DMSO  Dimethylsulfoxid 
DMSO2  'LPHWK\OVXOI?Q 
DMDS  Dimethyldisulfid 
DMTS   Dimethyltrisulfid 
DEDS   Diethyldisulfid 
DETS   Dimethyltrisulfid 
EMDS   Ethylmethyldisulfid 
EMTS   Ethylmethyltrisulfid 
CS2   6LURXKO?N 
TDAS   Termick?GHVRUSFLD 
MS   +PRWQRVWQ?VSHNWURPHWULD 
HPLC   9\VRNR??LQQ?NYDSDOLQRY?FKURPDWRJUDILD 
LC   .YDSDOLQRY?FKURPDWRJUDILD 
HS-SPME  Headspace solid phase microextraction 
DI-SPME  Direct solid phase microextraction 
PDMS   Polydimethylsiloxan 
PA   Polyakr\O?W 
CW   Carbowax 
DVB   Divinylbenzen 
CX   Carboxen 
PEG   Polyethylenglykol 
PC   3DSLHURY?FKURPDWRJUDILD 
TLC   7HQWRYUVWY?FKURPDWRJUDILD 
SCOT   Support-coated open tubular columns 
PLOT   Porous layer open tubular columns 
WCOT  Wall-coated open tubular columns 
FPD   3ODPHĖRY?IRWRPHWULFN?GHWHNWRU 
TCD   7HSHOQHYRGLYRVWQ?GHWHNWRU 
3MeThPh  3-Methylthiofen 
2MeBuSH  2-Methyl-1-buthanthiol 
EtSAc   Ethylthioacetat 
NaCl   &KORULGVRGQ? 
LOD   Medza detekcie 
64 
 
LOQ   0HG]DVWDQRYLWHĐQRVWL 
RSD   5R]??UHQ?NRPELQRYDQ?QHLVWRWD 
UV   XOWUDILDORY? 











































































































3U?ORKD&KURPDWRJUDPY]RUN\sladiny (odroda Jersey) 
 
 
3U?ORKD&KURPDWRJUDPY]RUN\piva 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